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CARBIDE’S technical literature 


Cannipe’s technical booklets for example, are written 
and constantly revised—to give you the latest technical 
information on uses, physi al properties, spec iheations, and 
physiological data, Seventeen of these booklets are now 
available for you, 

You'll also want to have a copy of the 1956 “Physical 


Properties of Synthetic Organie Chemicals.” This sum- 
marizes typical properties of more than 350 of Carnipe’s 
chemicals for fast reference. 

You can have these data at your fingertips by checking 
the booklets you want on the coupon below and mailing 
it thow, 


1. Aleohols 2. Aldehydes 3. Anhydrides 4. Carsowax Polyethylene Glycols 5. Cettosotve and Carsrrot Solvents 

6. Chlorine Compounds 7. Emulsions and Detergents 8. Esters 9. Ethers and Oxides 10. FLexon Plasticizers 11. Glycols 
12. Ketones 13. Nitrogen Compounds 14, Organic Acids 15. Physical 
Properties of Synthetic Organic Chemicals 16. Ucon Lubricants 
17, Solvent Recovery by the Cotumpia Activated Carbon System. 


ANO CARBON 


In Canada; Carbide Chemicals Company, Division of Union Carbide Canada 
Limited, Montreal, 


“Carbowax,” “Carbitol,” “Cellosoive,” “Columbia,” “Flexol.”’ and “Ucon” 
registered trade-marks of Union Carbide and Carbon Corporation. 


CARBIDE AND CARBON CHEMICALS COMPANY 
Room 308, Dept. H, 30 East 42nd Street, New York 17, New York 
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Union Carbide and Carbon 700 
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Plastics Progress / 45 

Trends—From developments talked about at the Plastics 
Show comes our analyst's report on the outlook for the 
future. 


with stainless steel product zone 


C.E.P. SPECIAL FEATURE 


Performance of Cooling Tower Packings Multiplies screening capacity 
in same floor space 


Comparative performance of cooling tower 


F cking Gomeonts 263 In some plants, mstallation of a modern 
N. W. Kelly & L. K. Swenson—C.E.P. is privileged to pre Bar-Nun Rotary Sifter has doubled or 

sent this report on performance characteristic studies of tripled screening capacity in the same 

cooling tower packings of the design customarily employed floor spa he Bar-Nun provides uj 

i t to 40 “quare ieet of screen surlace ma 

In industry, floor area only 3% feet square up 


to 70 square feet in slightly large 
floor space! 


is capital really tight in the process industries? / 269 

OC. »P. Neidig- The problem of raising capital for chem single plane, smooth rotary motion sets 

ical process industries’ projects is of one type for the large up a stratiiying action that keeps the 

firm, another for the small. How outside capital can be finest particles next to the screen, 


acquired and used to advantage, is analyzed. for rapid,- thorough separations 


Another lar-Nun teature for the 


Fluid char adsorption process / 274 in bom 
L. D. Etherington, R. J. Fritz, EF. W. Nicholson, & H. W. of corrosion-proot stainless tee! 


Scheeline—A new continuous process for adsorptive separa panels mounted on cast aluminum 

tion of gases uses fluidized bed of activated charcoal. Pilot frames. The box is quickly opened and 

| . i screens easily removed tor thorough 

Pp ant ex nce 1s reportec cleaning ~creen irarne may be stam 
less steel, magnesium, or wood 


Development of a two-stage BHC photochemical reactor / 281 Rugged all-mechanical construction 
L. J]. Governale & J]. T. Clarke—The highlights of Ethyl's and accurate counterbalancing provide 


tor moot! trouble-tree pertormance 
program which take the reader through the various stages Seen when the Ber-Nun bs eperated 34 
of reactor development, each evolving from the previous hours a da ers report maintenance 
The commercial unit described has a conversion rate of costs and time practically nil 


600 Ib./hr. gamma BHC. 


Process design of aeration systems for biological wastes / 286 


’ W. W. Eckenfelder, Jr.—From recent developments in the i 
field of fermentation have come certain process design cor ' 
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PACKAGING FOR THE PROCESS 


RELIABLE FLUID MIXING in PROCESSING 


Fermented 


Whey 


Eastern’s Mixers are designed to meet 
the needs of today's chemical and in- 
dustrial processes. Many types are avail- 
able to satisfy all conditions of fluid 
consistencies and tank sizes. Selection 
may be made from a wide range of 
horsepower, speed, and construction 
materials. Motors with various voltage 
ratings and enclosures are also furnished. 


PORTABLE MIXERS 

Series H at 1725 R.P.M., Series S at 1125 
R.P.M., and Series G at 420 R.P.M. are 
available in motor ratings from 1/20 to 
5 H.P. Also available are special speeds, 
variable speeds, as well as air driven 
models. 


Series A, extra heavy duty for large 
tanks, are available in side entering units 


vdge fo 


MIXER 
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| “Sludge 
to Waste 


only within a range of 5-50 H.P. with 
standard speeds of 280, 420, and 1150 
R.P.M. 


Series C, for average tank capacities, are 
available in sizes of % to 10 HP. at 
these standard speeds: 1725 R.P.M. (up 
to 5 H.P.); 1140 R.P.M. (up to 10 HLP.); 
420 R.P.M. (up to 7% H.P.); 280 R.P.M. 
(up to 5 H.P.). Available in both hori- 
zontal and vertical models. 


Eastern’s Top and Bottom Entering Tur- 
bine Mixers find particular application 
where liquid blending requires gentle, yet 
thorough agitation. 


Models are available in sizes from “ to 
40 H.P. Standard speeds are 56, 68, 84, 
100, 125, 155 R.P.M. 
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For 3 bulletins 
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Mixers. request 
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relations useful in aeration systems for weatment of bio 
logical wastes. Oxygen transfer vs. utilization is first ana 
lyzed, then performance qualities of the various components 
of equipment are discussed 


Design of box-type countercurrent mixer-settlers / 293 
S. P. Foster & E. R. Grae{—There are three basic consid 

erations in the design of mixer-settiler units. These are 

Design for adequate mixing, adequate settling, and desired 
throughput capacity. The first two of these have been 

covered in the literature. This paper discusses the tech 

niques used for the latter 
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THE 
Verli-Line 


PACKAGE-PUMP 


For Wells as small as ¥ 
2 Thru 7% Horsepower 
Capacities to 7500 GPH 


The design of the Verti-Line 
Package-Pump is based on the highly 
efficient, performance - proven Verti - 
Line Deepwell Turbine Pumps — for 
nearly half-a-century the outstanding 
leader in the turbine pump field. 


YOU GET MORE WATER PER 
HORSEPOWER WITH THE VERTI-LINE 
PACKAGE-PUMP Write today for 
complete details about the money- 
saving features of this sensational 
new vertical turbine pump. 


Send for free literature. 
Ask for Bulletin C-76 


Verti-Line Pumps are the exclusive products of 
LAYNE & BOWLER PUMP COMPANY 
general offices and main plant 
2943 VAIL AVENUE « LOS ANGELES 22, CALIFORNIA 


Letters to the editor 


Just a Suggestion 


May I suggest the addition of a “re- 
cycle line” in the flowsheet shown in 
“Cost Estimating and Decision Mak- 
ing,” (Hicks & Steffens, May, 1956, 
page 191.)? 

The “Result” of one “Decision” im- 
mediately becomes the “Data” of the 
next “Decision.” Also, a decay rate or 
half-life should be considered for the 
data. 

R. J. Hennig 
Detroit, Michigan 


To Donald S. Ullock 


I read with great interest your article 
published in Chemical Engineering 
Progress entitled, “Evaluating the Me- 
chanical Design of End-Suction Cen- 
trifugal Pumps,” [C.E.P., 51, No. 5, 
207 (1955)] which was sent to me by 
Mr. Thomas of Economy Pumps Inc. 

We make a very extensive range of 
pumps which are used in various indus- 
tries, including the chemical industry, 
and we think that the work which you 
have done is of great value to designers 
and users. 

M. Sigmund 
Team Valley, Gateshead I] 
England 


Noted and quoted 


_ Research and the Engineer 


The intelligent application of science 
requires training in the techniques of 
research. At the graduate level, re 
earch and instruction go hand in hand, 
but what about the undergraduate? 
What does research do for him? Formal 
research in an educational institution 
does a number of things for the under- 
graduate student even though he does 
not participate in it directly. 

Above and beyond these direct bene- 
fits, however, is a broader and more 

| important concept. Research is the in 
dispensable attribute of the engineer 
who will advance his profession or even 
keep up with it. In this sense all engi- 
neers must conduct research if they are 
to realize the potentialities of their 
chosen profession or to make their 
dreams come true 

Finally, and not least, is the concept 
of research as a way of life, an attitude 

| of mind, a fulfillment of the human 


(Continued on page 10) 
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Ou See reactors, vessels, towers and piping — 
and they have the familiar look of any other Paraxylene 
and Udex plant. But what you don't see — what 
blueprints cannot show —— is the “Precious Plus” that 
earmarks this “a BMC project”. 


At the time BMC was awarded the design and 
construction contract, the client had firm commitments 
to ship paraxylene within a fixed time period . . . a 
time period that would require tight scheduling — even 
for conventional design and construction. 


But there was nothing ordinary about this Paraxylene 
plant. it called for a unique crystallizing process — 
developed by BMC but never before used — that would 
require time-consuming creative engineering. 


Working under almost prohibitive time pressures, 

a BMC Task Force — with the Key Man in charge — 
tackled the job. There was no waste motion in 
engineering. Drafting geared itself to a back- 

breaking schedule. Equipment orders were placed early. 
Usual “bugs” were anticipated — and avoided. 


The plant went “on-stream” ahead of the client's fixed 
schedule .. . and first shipments were on their way 
well in advance of the contract commitments. Cost? 
Substantially below the estimate despite the 

emphasis on speed. 


Yuu can't see it... . you pay nothing for it .. . but the 
“Precious Plus” included in this project is a part of 
every BMC proposal. Many leading petroleum and 
petrochemical companies have found it a distinct 
advantage in getting better plants, faster and at a Jower 
cost. How else explain the unusval growth 
BMC is cnjoying? 


BMC’'s Key Man operation is unique 


among major contract engineering The Udex and Para- 


firms. The BMC man who submits tylene Plants de- 
your proposal is always a BMC prin scribed here were 
cipal . . . always the Key Man head designed and con- 
ing up the Task Force responsible for structed for Sinclair 
the execution of your job. Clients tell Refining Company, 


us “This is the BMC difference that Marcus Hook, Pa 
makes the difference.” 


ity 


i 


MANUFACTURING 
COMPANY 


230 Gent Street. Cambridge 41. Mass. 
East 42nd New York 17, New York 
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He not only washes tank cars... 
he doesn’t contaminate them 


Even a good washer can contam- 
inate a product tank car unknow- 
ingly —it all depends on the valves 
in the washing system. 

But that doesn’t happen at the 
Memphis emulsifiers plant of the 
Atlas Powder Co, 

Here, Crane 18-8 SMo stainless 
steel valves are preventing corro- 
sion and resultant iron pickup from 
getting into aluminum or stainless 
steel cars in washing. Such impu- 


rities could mean a lot of spoiled 
product when the cars are loaded. 

After more than a year’s service 
on hot detergent solution, the Crane 
alloy valves show no corrosive 
effects, and there’s no record of 
damage from iron contaminants. 
With no maintenance whatever, 
the valves continue giving positive 
flow control. 

New Crane alloy valves are help- 
ing all types of process industries 


with better flow control and higher 
contamination corrosion resistance 
at low cost. They offer many service 
features that 
can't be duplicat- 
ed. Get full infor- 
mation from your 
local Crane Rep- 
resentative or 
write to address 
below. Ask for 
circular AD-2080. 


C RAN E VALVES & FITTINGS 


PIPE KITCHENS PLUMBING HEATING 


Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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Better Things for Better Living 
through Chemistry 


Tanks made of ALATHON" are 
portable and chemical-resistant 


This 40-gallon-capacity tank developed 
by the American Agile Corporation, 
Cleveland, Ohio, is made of ALATHON 
polyethylene resin. The steel band and 
handles, which are used to carry the 
tank, were sandblasted and sprayed 
with a 1/16" coating of ALATHON to 
make the entire unit corrosion-resistant. 

ALATHON has unusual resistance to 
chemical reagents. It is substantially 
unaffected by concentrated hydrochlo- 
ric or hydrofluoric acids at room tem- 
perature. While permeable to certain 
organic acids and to some solvents and 
essential oils, it is not altered chem- 
cally or mechanically by these mate- 
rials. The chemical and physical prop- 
erties Of ALATHON remain unchanged 
long, trouble-free 


with assuring 


service. ALATHON is light in weight, yet 


age, 


strong and flexible, can be readily heat- 
welded and is available in the form of 
film, sheet, tubing, pipe or molded 
products. For the complete facts on 


ALATHON, mail Coupon. 


NEED MORE INFORMATION? 


Clip the coupon for additional data 
on the properties and applications of 


these Du Pont engineering materials. 


Meta‘iurgical Corporation, ‘North 


shalt 
covered with Terton is used in this new agi 


driven by a steel 


A blede of TEFLON 


uston 


tator designed by John L. Dore Co., He 


cxas, for stirrime cor ive f ture indet 
pressure. Trrton replaced conventional gli 
overed agitator, because it climmated the 


problem of chipping and breaking 
du Pont de Nemours & Co (Inc) 
Pont Building 
Pont ¢ ompany 


EI 
Room 797 
In Canada 


Please send me complete 
property and application 
data on Du Pont Teron 
ALATHON 


Name 


and 


I am interested in evaluat 
ing these materials for 


City 


This heat exchanger, manufactured by Fanstee! 
Chicago, 
IHinois, raises the temperature of strong nitric acid 


Wilmington 
of Canada Limited, O 660, Montreal, Quebe 


Heat exchanger handling strong nitric acid 
utilizes property advantages of Du Pont TEFLON” 


(42-50%) to 40 


75°F. One of the few metallic 


materials able to stand this strong oxidizing agent 
is tantalum ; one of the few non-metallics is Tre ion 


Firm Nome 


Position 


Terton tetrafluoroethylene resin was 
chosen for two critical uses in this | 

tube-type heat exchanger: for the grom- 
mets, the baffles to 
support the tantalum tubes, and in the 


form of rectangular gaskets at the 


inserted in stec! 


header, or tube sheet 

In the grommet application, TEFLON 
not only supports the tubes but insu- 
lates them electrically from the 
baffle, preventing galvanic action which 
might the tantalum. [TEPLON 
withstands the temperature of 150 to 
cocthcient 


steel 
damage 


190 psig steam, and its low 
of fnection allows free movement of the 


tubes with expansion and contraction 


The gaskets of TEFLON must serve 
as insulation, as well as provide an acid 
tight seal. The fact that Trerton not 


subject to damage trom thermal shock 
is also this applic 

lo data 
on Du Pont Teron tetrafluorocethylene 


important 


receive complete pruperty 


resin, Chip and mail coupon 


Polychemicals Department 


Delaware 


Type of Business 


Street Address 


State 
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Plant 
depends 


COLD WATER 


Whether your end product is kilowatts, chemicals or candy, pro- 
duction is so closely aligned to consistent cold water temperature that 
your cooling tower is a most important element of plant equipment. 
This puts a premium on tower performance . . . and it points up 


Marley as the logical, economical selection for high-potential plants. 


There are two major factors that qualify Marley industrial 


towers for critical cooling jobs: first, the initial performance is never 


in doubt; the cooling ability of every Marley tower is pre-determined, 
Fan, distribution, filling—every functional element—is pre-rated by 
the method developed by Marley's 35 years of specialized research 


and proved by scores of service tests. 


Continuance of top-level tower performance is a single responsi- 
bility, for Marley designs and manufactures every component of its 
towers. It's a responsibility that Marley completely and gladly ae- 
cepts, To translate this policy into action and to assure long-con- 


tinued performance at specified temperature level, qualified Marley 


Noted and quoted 


(Continued from page 6) 


wills to know and to tell, the preserva- 
tion, the extension, and the transmis- 
sion of our cultural heritage. This is 
the way in which the university can 
fulfill its obligation to society. 

G. H. Hickox 


“Value of Research to the Institution” 
Journal of Engineering Education 


Contours of Science 


If there were nothing to engineering 
but logarithms, surveying and drafting, 
formulas, textbooks, field and office ex- 
perience, standard practice. line and 
grade, cut and fill, stresses and strains, 
copying of precedents, pure and applied 
scientific research and unadorned, style- 
less writing, you would all be on your 
way to fame and fortune, and those who 
made the best grades in school would 
continue to shine and win the top prizes 
in later life. 


Unfortunately—or perhaps fortunately 
for posterity—this is not the case. The 
elements which make for accomplish 
ment in your profession and for ad 
vancement and success, material or 
otherwise, are to be found largely in 
qualities and talents which cannot be 
taught in the best of schools, and in fac- 
tors which develop later and often in the 
most unexpected and astonishing ways. 


Many great inventions have been 
stumbled on by searchers looking for 
something else. Intuitions as much as 
brains have lighted the path to the nu- 
clear world. The prospector is still as 
potent as the geologist in the discovery 
of oil and minerals. . . . The successful 
engineer must be more than a faithful 
bookkeeper. In his devotion to absolute 
exactness and certainty he should recall 
that algebra was the gift of Eastern 
mystics addicted to symbols, that qua- 
ternions are known as the poetry of 
mathematics and that the basic formula 
governing time and space rests on rela- 
tivity. 


Engineering is as wide as the world 


Field Service Engineers observe and check large industrial towers at 
and as thin as its surface. Depth is 


something which must be acquired, can’t 
Curiosity, observation and 


frequent intervals. Their training and practical experience in tower 
operation and maintenance assists owners and operators to maintain be taught. 
| habit of study and reflection are the only 
means to reach it. The engineer abroad 
and in the field is at best the modern 
conquistador, blazing and smoothing the 
way for others. . 


the consistent cooling service that means plus production and in- 


creased operating profit. 


Founder Member Cooling Tower Institute 
Robert Moses 

Commencement Address 

Brooklyn Polytechnic Institute 


Kansas City, Missouri (More Noted and Quoted on page 20) 
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Stainless Steel Con- 
struction makes clean- 
ing easy ...is corrosion 
resistant. 


Large Screening Ca- 
pacity. Self-contained 
unit provides as much as 
35 square feet of screen- 
ing area in 16 square feet 
of floor space. Gyratory 
action exposes product to 
all of screen cloth. 


Wide Sizing Range 
permits handling of prod- 
uct sizes from 4 to 200 
mesh 


Extra Cooling Surface 
of rib-type motor elimi- 
nates insulation burnouts 
under normal operating 
conditions. 


Product Quality Pro- 
tected. Gentle motion 
minimizes disintegration 
of foreign particles. 


Quiet, Vibrationless 
ments. A l-hp motor Operation assured by 


drives unit of three or dynamically balanced 
four decks. mechanism. 


Low Power Require- 


Top efficiency in screening . . . maximum 
capacity .. . profit-insuring quality control 

. quick ‘n’ easy sanitation . . . simplified 
maintenance . . . economical operation — all 
these important advantages are yours when 
you specify Allis-Chalmers. 


Chemical Engineering Progress 


in Design 
Performance 
Economy 


You Get MORE When You Specify ALLIS-CHALMERS 


ALLIS-CHALMERS 


Simplified Disman- 
tling. Vertically locked 
deck arrangement elimi 
nates need for enclosure 
External tie rods facili- 
tate fast removal of decks. 


No hard-to-clean 
Nooks and Corners. 


Dust-Tight — wide vari. 
ety of installation-proved 
materials available for 
compression -type seals 


Two, Three, Four Sep- 
arations ... one outlet 
for each different size 
product. Collars and ad 
changes provide 
or quick attachment of 
flexible outlet tubes 


Full Freedom of Gyra- 
tory Motion made pos. 
sible by universal-type 
stabilizers. No lubrication 
needed 

Secure, Vibrationless 
Foundation provided by 
sturdy, all-welded ateel 


Your Allis-Chalmers representative will be 
glad to tell you more about this newest and 
finest of gyratory screens. Call him. Or write 
for descriptive Bulletin 07B8446. Allis-Chal- 
mers, Industrial Equipment Division, Mil- 
waukee 1, Wisconsin. 


AlMep. 
ig 
= 
Vol. 52, No. 7 soe 


steel 
holds the answers 


Every industry that works with steel has its special problems 
of the proper steels for every job... more and more indus- 
tries are finding that Stainless “holds the answers” to 
their problems. 


Take the petroleum and chemical industries for instance. 
They demand resistance to corrosion, to abrasion, high 
temperatures, cold temperatures, scaling and hydrogen 
blistering. Solid stainless can do the job. But, in some equip- 
ment, stainless cladding can answer the problems. . . and 
cut costs as well, 


Sun Ship knows how to fabricate stainless and the other 
special alloys. They have the facilities and experience. Large 
jobs or small jobs will receive prompt attention. 


Our Sales Engineering Department will 
be glad to discuss with you any problems 
to which our Alloy Products Shop may 
hold the efficient and economical answer. 


& DRY DOCK COMPANY 


ON THE DELAWARE + CHESTER, PA. 
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Refractive index is directly related to the com- 
position of a liquid mixture. The Consolidated- 
Phillips 38-201 Process Refractometer puts this 
basic principle to work . . . accurately and auto- 
matically indicates changes in composition by 
continuously measuring the refractive index of PRO e- E Ss Ss Cc ONT R re) L 
a flowing liquid sample and comparing it to a 
liquid standard. (Even complex streams can be 
monitored when all but one or two key com- 


THROUGH REFRACTIVE-INDEX 


ponents remain reasonably constant, and a bi- 


nary mixture is thereby approximated.) MEASUREMENT 

Samples may be obtained directly from the 
process stream to be controlled. Comparison 
signals from the instrument's optical-servo sys- 
tem are then used as part of a control loop to 
maintain optimum throughput and product qual- 
ity and to keep processing costs at a minimum. 
For the complete story of the 38-201 Refrac- 
tometer, send today for Bulletin CEC 1839-X23. 


Send us your 


stream-analysis problems... 


The Process Refractometer has been used suc- 
cessfully in the automatic control of many proc- 


esses, ¢.g., fractionation and blending in the 


petroleum refining industry. Consolidated’s Ap- | desig ned process . 
plication Engineering Section will be glad to : 4 
study your own stream-analysis problems and men process men 

submit a complete report on the 38-201's appli- 

cability to your work. Just send us a description 


of your process . . . there's no obligation. the 
OPERATIONAL FEATURES 
PROCESS 


RUGGED CONSTRUCTION explosion-proof design 
permits use anywhere, even out-of-doors R EFRACTOMETE 
STABLE, DRIFT-FREE OPERATION —the differen- a 
tial-principle design provides freedom from ambient } 
temperature changes. Sample temperature, pressure 
and flow are closely controlled and stabilized. 


HIGH SENSITIVITY —a difference of 0.000012 re- 


fractive-index units can readily be detected. Unit 


observes both plus and minus deviations of the flow- ae 
ing sample being monitored ‘ OTHER CONSOL/IDATED-PHILLIPS 
PROCESS-CONTROLLERS... 


SIMPLICITY —contains no controls requiring routine i} , In addition to the Process Refractometer, 
adjustment; once unit has been placed in operation, 


monitoring and controlling oxygen content 
in gaseous streams and the 38-401 Ultravio 
let Analyzer for checking purity and recovery 
of aromatic and diolefin streams 


CEC offers the 38-301 Oxygen Analyzer for 
the operator makes only an occasional inspection 


FREEDOM FROM MAINTENANCE - basic design 
simplicity keeps unit operating without attention 


for long periods. Consolidated Electrodynamics 
CORPORATION 


formerly Consolidated Engineering Corporation 
INSTRUMENTS FOR MEASUREMENT 


300 North Sierra Madre Villa, Pasadena, California 


AND CONTROL 


ELECTRONIC 


SALES AND SERVICE OFFICES IN 
Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. C. 
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“Easier to Open and Close 
Occupy Less Space 
Weigh Less 
Cost Less 


‘Our products are designed and built to comply with 
the requirements of the ASME Code and we ore 
avthorized to apply the appropriate Code symbols."’ 


SPECIALISTS IN 
LABORATORY AND PILOT PLANT 


@ Now @ offers you Plant-Size Reactors with 
th: same performance-proven engineering and 
craftsmanship that characterize @ High Pres- 
sure Lab and Pilot Plant Equipment. Combining 
the most advanced design engineering in the high 
pressure field with the finest materials available, 
@ Plant-Size Reactors already have given sup- 
erior performance in many atomic energy pro- 
jects. Your requirements can be met by either 
standard @ or specially-designed reactors. Take 
advantage of the up-to-date thinking and exper. 
ience of @ specialists in the design and manu 
facture of Plant-Size Reactors. 
Send for Bulletin 356 


“AUTOCLAVE ENGINEERS 


2930 WEST 22wo STREET ERIE, PENNSYLVANIA 
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Held at 3000°F for five hours, these four brick, ly ¢ 
temperatures, show varying effects. Samples 1, 2, and 3 softened 


Heat Resistance — Exposed only to heat, Carborundum’s 
Super Refractories can actually be used with complete safety 
at temperatures above 3000 F. Long before such tempera- 
tures are approached, even high heat duty and super-duty 
firebrick lose much of their usefulness. That's because they 
begin to soften several hundred degrees below their theoreti- 
cal safe limits. Not so Carborundum’s Super Refractories 
Their strength and rigidity are maintained close to their 
theoretical limits 

In practice, of course, you must contend with many more 
conditions than heat alone. Corrosion, thermal shock, load, 
abrasion, erosion, etc., are usually combined with tempera 
ture. This combination of conditions may tend to lower heat 
resistance of refractories, That's why a refractory cannot be 
selected solely on its ability to withstand temperature. It also 
expt.ins the reason Carborundum offers so many specialized 
retractories 

Heat resistance is thoroughly explored in the forthcoming 
issue of Carborundum’'s new magazine “Refractories.” Send 
for your copy today. 


CARBORUNDUM 


Registered Trade Mark 


ded to resist high 

ond slumped to 
different degrees, indicating loss of usefuiness even below this temperature. Sample 4, 
a Mullfrax® electric furnace mullite refractory, is unaffected by the heat. 


fourth in a series... WEAT RESISTANCE 


Unusual Properties of Refractory Materials 


VALUABLE INFORMATION FOR USERS OF; 
REFRACTORIES ©@ CASTABLE CEMENTS © POROUS PLATES AND TUBES 
CATALYST SUPPORTS © OXIDE, BORIDE, NITRIDE AND CARBIDE 
HIGH-TEMPERATURE MATERIALS © CERAMIC FIBER 


all in the new magartine “Refractories” 


-———————-—MAIL THIS COUPON TODAY—————— 


Dept. G76, Refractories Division 
The Carborundum Company, Perth Amboy, N. J. 


Please send me the forthcoming issue of “Refractories.” 


Nome Tithe 
Company 

Street 

City lone Srete 


} 
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Powell packless valves 
hazardous services 


Bewt-0-Sear “Y” Valve with welding ends, 
welded bonnet and outside screw rising 
stem. Yoke bushing can be removed 
without breaking body-bonnet joint 


“Y" Valve (Sectional). Outside 

screw rising stem. Designed for long life where 

pressure or vacuum-tight contro! is essential. Bett-O-Seat 0.S. & Y. Globe Valve. 
Bolted bonnet. Outside screw stem 


rises through upper yoke bushing 
that revolves with handwheel. 


Painstaking quality control is rigidly Shown here are examples of the types 
enforced through every step in the of valves available to industry for use PERFOR MANCE 


manufacture of these nuclear valves. We — with heavy water, molten metals, etc. 


begin with the materials—every machin- For complete information, consult your 
ing operation is accurately gauged—all Powell Valve distributor. If none is near 
parts are thoroughly cleaned and de- you, we'll be pleased to tell you about 


greased—then every valve is notonly sub- our Nuclear Valves as well as our com- 
jected to an actual line test, but is given plete line of Powell Quality Valves—all 


a snifter or mass spectrometer test. with Performance Verified. 
VERIFIED 
The Wm. Powel! Company, Cincinnati 22, Ohio .. . 110th VEAR 


POWELL VALVES 


BRONZE, IRON, STEEL AND CORROSION RESISTANT VALVES 
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bre sold or on KARBATE costs 
Rss, lasts and easier To 


Here's how you save with 
“KARBATE”’ IMPERVIOUS GRAPHITE 
PROCESS EQUIPMENT 


@ Lower first cost @ Rugged mechanical designs © Quick delivery 
@ Sustained low maintenance @ No metallic contamination @ Complete technical service 


a Immunity to thermal shock @ Ease of installation i Outstanding corrosion 
@ High thermal conductivity @ Light weight resistance 


No other material of construction combines all the Think of “Karbate” equipment first for new plant and 
advantages of “Karbate” brand impervious graphite. expansion; consider it always where corrosion is a factor. 


Write for Literature * Manufactured only by NATIONAL CARBON COMPANY 
The term “Karbate” is a registered trade-mark of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY .« A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atianta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Prancisco. In Canada: Union Carbide Canada Limited, Toronto 
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Superior offers the widest range of sizes 
and alloys in top quality instrument tubing 


Superior Tube Company produces the finest 
instrument tubing in a wide range of sizes 
and alloys—offers you as standard products 
what many makers would classify as spe- 
cialty tubing. 


1. NEEDLE TUBING 

The stainless steel links in this recording instru- 
ment are made of Superior needle tubing. The high 
strength, stiffness, and strict dimensional toler- 
ances characterizing this tubing— originally 
designed for surgical uses have opened new fields 
of industrial applications when used as mechan- 
ical tubing 


2. PRESSURE AND SUPER PRESSURE TUBING 
A spiral windpipe made of Superior $04 cold-drawn 
seamless stainless steel tubing. Pressure tubes are 
used to convey fluids at elevated temperatures 
and pressures. Produced in stainless, carbon and 
alloy steels in sizes to withstand pressures up to 
100,000 pai, 


3. BOURDON TUBING 

A “CC” tube element for a pressure gage. The 
shaped Bourdon tube serves as the actuating ele 
ment for the majority of pressure indicating and 
recording instruments, Helix and spiral elements 
are also fabricated from the wide range of alloys 
available at Superiora range that makes it 


Round and shaped tubing available in Carbon, 


T International Nickel Co 
theg. T.M. Superior Tube Co 


possible to satisfy any set of conditions in the use 
of Bourdon tubing. 


4. CAPILLARY TUBING 

A thermostatic instrument pressure transmission 
element with a coiled unit made of Superior Type 
$21, capillary tubing. Superior capillary tubing is 
used primarily for transmitting temperature and 
pressure impulses from the source to a recording 
or indicating instrument. Capillary purposes, in 
general, require a heavy-wall tube with an ID of 
006" to Types 347, 321, 316, Monwex” and 
carbon steels are recommended analyses. 


5. LARGE OD LIGHT WALL TUBING 

A large OD light wall tubing bellows in a pressure 
actuating element. Present applications for large 
OD light wall tubing include bellows, low pressure 
heat exchanger tubes, flexible hose, aircraft duct- 
ing, fractional horsepower motor casings, ceramic 
drills, and casings for radioactive well logging 
instruments. Sizes offered up to 2'9” OD 

6. MECHANICAL TUBING — INSTRUMENT LINE 
Various fabricated parts—all made of Superior 
mechanical tubing. Superior mechanical tubing 
can be either seamless or Wetonawnt grade used 
statically or dynamically, but not subjected to 
severe temperature or pressure. It is produced in 
sizes up to %4" OD within production limits, in 
many special shapes, and in over 63 standard 
analy ses and al propert ies. 


Send for free copy of Bulletin 40 

A Guide to the Selection and 
Application of Superior Tubing. 
Write Superior Tube Company, 2011 


Germantown Ave., Norristown, Pa. 


Alloy and Stainless Steels; Nickel and Nickel Alloys; Beryllium Copper; Titanium; Zirconium 


The big name in small tubing 


NORRISTOWN, PA. 


All analyses to OD certain analyses in Night walls up to #4" OD 


“On the West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif. 
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Have safer lines with 
less maintenance... 


INSTALL 

LAPP TUFCLAD, 
SOLID CHEMICAL PORCELAIN ARMORED 
WITH FIBERGLASS-REINFORCED PLASTIC 


The extra margin of safety essential to many process plants where protection of personnel, 
equipment and product is vital is assured by the bonding of TUrcCLAD fiberglass-reinforced 
plastic to Lapp Chemical Porcelain. Strong fiberglass fabric is impregnated and bonded in 
multiple layers to the porcelain with an Epoxy resin of high strength and chemical resistance. 
It cushions accidental blows—acts as an insulator against thermal shock—and because 
TUFCLAD is so strong and tough, it will hold operating pressures even when porcelain is 
damaged by accident. Specify Lapp Turctabd Chemical Porcelain and enjoy the purity and 
corrosion resistance of a solid porcelain system with extra security from TUFCLAD armor. 
Y-Valves, as shown, and Angle Valves are available in Lapp Turctap Chemical Porcelain 
in 4)", 1”, 14%", 2”, 3”, 4” and 6” sizes. Also safety valves, flush valves, plug cocks, 


pipe and fittings (to 8” diameter) and special shapes. 


WRITE for description and specifications, 
Lapp Insulator Co., lnc., Process Equipment 
Division, 834 Wendell St., Le Roy, N. Y. 


CHEMICAL 
PORCELAIN 
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PANAREZ 


HYDROCARBON RESINS 


improve products like these 


If you compound rubber it will pay you to investigate low 


cost PANAREZ hydrocarbon resins. These softeners are 


available in any color from Barrett No. 1 to 18, and soften- 
ing point from 40° F to 300° F. They are supplied in flaked 


or solid form. 


Compounds containing Panarez resins show IMPROVED 
COLOR AND COLOR STABILITY ... IMPROVED EX- 
TRUDABILITY ... IMPROVED FLEX CRACK PER- 


FORMANCE and ABRASION RESISTANCE . 


PROVED OZONE RESISTANCE .. . IMPROVED TEAR 
RESISTANCE, TENSILE STRENGTH and ELONGA- 


TION, 


No change in compounding technique is required when 


switching to Panares resins. 


For confidential information about how these 
low cost resins might be helpful in your 
business, write us, telling the intended 
application, 


— 


PAN AMERI 


PAN AMERICAN 
c oR 


555 FIFTH AVENUE, NEW YORK 17, N¥, 


PANAREZ PANAPOL 
Hydrocarbon resins Hydrocarbon drying oils 


PANASOL 
Aromatic solvents 
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Our Need Right Now 


What we want is an active class who 
will insist in season and out of season 
that we shall have a country whose 
greatness is measured not only by its 
square miles, its number of yards woven, 
of hogs packed, or bushels of wheat 
raised, not only by its skill to feed and 
clothe the body, but also by its power to 
feed and clothe the soul ; a country which 
shall be as great morally as it is ma 
terially; a country whose very name 
shall call out all that is best within us. 


James Russell Lowell 
April 13, 1888 
Reprinted in Saturday Revieu 


Licensing 


Engineering groups who sponsor leg- 
islation should realize that in the broad 
field of the application of science which 
they call “engineering,” there is more 
than one background in the field of 
higher education by which men can be- 
come qualified, and that the “engineer 
ing school curriculum” is only one of 
such backgrounds. The practice in the 
field of science and its application by 
properly qualified scientists with back 
grounds at least equal to in academic 
stature but different from the “engineer 
ing school curriculum” should not be 
restricted, nor should any one of such 
backgrounds, including engineering, be 
permitted legally to preempt the field 

William W. Porter, 11, 

Chairman, Legislative Committee, 
Pacific Section, AAPG, 

in “Geological News-Letter’—re 
printed in The Registration Bulletin 


Nuclear Radiation Detectors. J. 
Sharpe. Methuen and Company, 
London, John Wiley & Sons, 
New York (1955), 184 pages, 
$2.50. 


Reviewed by N. W. Snyder, Associate 
Professor, University of Califorma, 
Berkeley, California. 


The book is of pocket size and is con- 
venient to use. The author has included 
much quantitative data in the form of 
tables and graphs and, as a result, it 
compares favorably with larger works. 
It is not easily digestible for the begin- 


(Continued on page 31) 
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SREAT LAKES 
CORPORATION 


RESEARCH LABORATORIES W 
MORTON GROVE, ILL — 


-is a factor! 


Ou: extensive program in carbon and graphite re- 
search is conducted by highly qualified chemists, physicists 


and technicians. 


The scope of their specialized knowledge is a significant 
plus factor in the reliability that distinguishes GLC electrodes, 
anodes and mold stock. 


The high degree of integration between discoveries in our 
research laboratories, refinements in processing raw materials 


ELECTRODE 


and improved manufacturing techniques is further assurance 


@ of excellent product performance. 


Diviston 


Great Lakes Carbon Corporation 


a RAPHITE | ELECT RODES, ANODES, MO LDS and SPECIALTIES | 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. PLANTS: Niagara Falls, N. ¥., Morganton, N. C. OTHER OFFICES Niegera Falls, N.Y. 
Ook Pork, Ill., Pittsburgh, Pa. SALES AGENTS: J. B. Hayes Company, Birminghom, Ale., George O. O'Hara, Wilmington, Cal. SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Carbon & Chemical Co., Ltd., Montreal, Canada; Great Eastern Corbon & Chemical Co., Inc., Chiyode Ku, Tokyo, Jepan 
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The “neck” between the pump 
chamber and motor area of this new 
Chempump acts as a thermal barrier 
to the transfer of heat from the 
pumped fluid to the relatively cool 
circulating in the rotor cham- 
ber. Further motor section cooling és 
achieved by the heat exchanger 
girdling the stator. 


@ No seais . . . no stuffing boxes 

@ No fluid loss or contamination 

@ No lubrication . . . 90% less maintenance 
@ Just one moving part 


Now you cen pump heat-transfer fluids, hot 
vegetable and mineral oils, silicone fluids— without 
leakage . . . without contamination, even under 
extreme vacuum or pressure! This new Series T 
Chempump ends the problems of transferring or 
circulating such hot “problem” fluids as Dowtherm, 
Arochlor, fatty acids, vegetable oils or others. 


Pump, motor and heat exchanger are combined ina 
single, compact hermetic package. Pump impeller 
and rotor are an integral unit—Chempump’s only 
moving part. 


Fluid enters the rotor chamber, and is completely 
isolated from the stator section by a corrosion- 
resistant, non-magnetic liner. A portion of this fluid 
is continually .e-circulated in the rotor chamber 
and through an integral heat exchanger by an 
auxiliary impeller, to cool the motor. Pressure 
balance at the “neck” prevents intermixing of fluid 
in the motor section and fluid in the pumping sec- 
tion while the Chempump operates at a steady state. 
Motor windings keep cool, yet there's no heat loss 
of pumped fluid. 

No shaft-sealing device is needed. Normally hard- 
to-handle fluids—hot, volatile, toxic, corrosive, 
explosive, radioactive—just can't leak or become 
contaminated, 

Get the facts. For details and application data, send 
for new Bulletin 1040. 
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handles hot fluids 


SPECIFICATIONS 


. % to 7%, in 6 models 
to 190 feet (maximum) 
. to 200 GPM (maximum) 


Horsepowers 
Heads 
Capacity . 


Materials of 


construction * . Cast iron, cast steel, 


300-series stainless steel 
Temperature limit* 1000°F. 


Pressure limit* 


"Standard. Designs for higher temperatures or pressures, or 
using other construction materials, available on special order. 


First in the field... 
process proved 


CHEMPUMP CORPORATION « 1300 E. Mermaid Lane Phila. 18, Pa. 
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Eimco’s Research and Development Center has the 
answer for the plants with difficult filtration problems. 
The engineers at the Center know that under certain 
product conditions it is unwise for the laboratory to 
try to reproduce plant conditions in which the sample 
was taken. 

The alternate is to provide test equipment at job 
site suitable for wide range filtration problems. Eimco 
has designed several units similar to the unit shown 
above that can be used as standard drums, precoating 
drums, pressure drums and pressure precoating drums. 
These units are also equipped for washing and can 
use several types of cake removal attachments. 


THE 


Salt Lake City, Utoh—U.S.A. 


CAN'T SEND A 


SAMPLE 


Eimco’s experience in over half a century of service 
to process industries has given them the advantage 
of understanding filtration problems. The need for 
developing and producing numerous types of filtra- 
tion equipment gives Eimco more opportunity to serve 
the customer's needs. 

Eimco’s objectives are: 1. To solve the customer's 
filtration problem successfully. 2. To recommend the 
most practical and economical equipment suited to the 
job, and, 3. To give a stand-by consulting service in 
securing maximum benefits from the equipment. 

Yes! When you have a problem in filtration, Eimco 
can help whether or not you can send a sample. 


EIMCO CORPORATION 


Export Offices: Eimco Bidg., 52 South St., New York City 


Mew York, Chicage, Sen Francisco, Paso, lex Birmingham, Ale Ovivth, Minn 
Posedene, Calif Houston leses Vencovver,B C Lendon, Engiond Ge tesheod Engiend Pers, 


Holy Johannesburg South Alive 
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DRYING RANGES 


highest product uniformity! 


PRODUCT UNIFORMITY is of utmost importance to 
every food processor, at all stages of processing 
The Proctor continuous conveyor dryer installation 
shown above is located in a plant of one of the 
world’s largest food manufacturers—typical of many 
in use in the food industry today. In this plant 
Proctor Dryers assure uniformity of color, taste, and 
high customer appeal—yields are greatly increased! 


WITH UNIFORMITY COMES PROFIT. Efficient drying per 
pound of product can often mean more direct profit 
than an increased sales volume. Proctor equipment 
provides the control, flexibility and construction 
features essential to profitable drying performance. 
Write or phone today for complete information. 


INCREASED YIELDS 


GUARANTEED QUALITY OF PRODUCT 


FLEXIBILITY 


OTHER PROCTOR DRYING EQUIPMENT FOR THE 
FOOD AND PROCESS INDUSTRIES 


TRAY DRYERS + TRUCK DRYERS 
PRE-FORMING FEEDS + SPRAY DRYERS 


MANUFACTURERS OF INDUSTRIAL 


Philadelphia 20, Pa. AMD TEXTILE MACHINERY 
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Why Allis-Chalmers Cooling 


Coil Design Means... 


Better Rectifier Operation 


More Efficient Heat Transfer results 
from internal cooling coil. The steel coil sur- 
rounds active parts, offering more cooling 
surface and better heat transfer than other 
types. Unit maintains more uniform tem- 
perature and mercury vapor pressure. 


Simplified Maintenance results from 
Allis-Chalmers unique unit construction. All 
active components are attached to the anode 
plate for easy withdrawal, dismantling, and 
re-assembling — as illustrated above. 


Positive Arc Barrier is formed by the 
cooling coil, which is insulated from the tank. 
The main arc is confined within the coil, pre- 
venting arc transfer to the tank. 


Years of Operation in hundreds of in- 
stallations have proved the reliability, ease 
of operation, and simplified maintenance of 
Allis-Chalmers mercury arc rectifiers. You 
can get complete information at your nearby 
A-C office, or write Allis-Chalmers, Industrial 
Equipment Division, Milwaukee 1, Wisconsin. 


ALLI 


Chemical Engineering Progress 


gat 

| 

Page 25 


Congratulations Dad.”%..it’s a valve! 


Maybe this is not the way to say 
it, but we know that every time 
a new design feature is created 
to solve a field service problem, 
hundreds of plant engineers, 
chemical engineers, maintenance 
men and purchasing agents look 
on with the pride of a new father. Our engineering 
department is the first to admit that the major part 
of new stainless steel valve design comes from the 
interchange of problems and experience at our 
various valve clinics. 


Cooper Alloy Area Valve Clinics have been held in 
most major industrial centers, and our in-plant 


clinics have been held on the spot in 
dozens of leading plants, including Dow, 
DuPont, Mathieson, Celanese, Pfizer and 
many others. At these meetings our staff 
presents its findings, listens to the find- 
ings of users, specifiers and buyers, and 
attempts to work out specific problems. 


Arrangements for such a clinic in your 
own plant may be made through our Pub- 
lic Relations Division. 


“75 Questions” . . . a selection cf those 
questions asked most often at our clinics, 
is available on request. 


CORPORATION + HILLSIDE, N.J 
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Davison pioneered in the development of the first commercially useful silica gel 
more than three decades ago, and for years has been America’s 
leading producer. Silica gel, with its porous amorphous physical structure poaviding a 
surface area of 90,000 square feet per cubic inch, is a unique compound of 
continuing importance and increasing application. Silica gel’s most important 
properties are its abiliry to condense and retain condensable gases in 
the porous structure and its regenerable nature through the application of heat or other 


elutriation methods. A wide variety of particle sizes, densities and adsorptive 
capacities are available, each having been developed to meet specific application 
demands. Investigate Davison Silica Gel, now. 
See your Davison Field Service Engineer or write for technical literature 


DAVISON CHEMICAL 


Division of W. R. Grace & Co. orion 
Baltimore 3, Maryland 


Seles Offices: Baltimore, Md Chicage, Ili Columbus, Ohie, 
Hevsten, Texas; New York, N.Y 
Producers of: Catalysts, Inorganic Acids, Superphosphates, Triple Superphosphates 
Phosphate Rock, Silica Geis, Silicofiuorides 
Sole producers of DAVCO" Granulated Fertilizer 


ask for.. 


Davison Silica Gel 
for the dehydra- 


tion of air and gas. 


— a 


flatting agent in clear 
aikyd finishes and 
Protek-Sorb® 121 162 
for Method ll de alkyd-urea varnish 
hydrated packaging flatting agent 


Syloid" 244 superior 
/ 


Syloid® 308... 
lacquer flatting prevents gas build 
agent. up in metalhc paint 
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A B Cc D E 
[ TYPE (lead free) (1% lead (5% lead) || (10% lead) || (20% lead) 
As | Tem-| Heat- As | Tem-|| As | Tem-|| As | Tem-|| As | Tem- 
Cast | pered|Treated|| Cast | pered|| Cast | pered|| Cast | pered || Cast | pered 
Tensile Strength (thousand psi)....// 50 65 85 45 60 40 50 35 40 25 30 
Yield Strength (thousand psi)... 22 40 55 20 30 20 30 20 25 18 22 
Elongation, % in 2”........... od = 10 10 30 8 15 5 10 2 5 2 
85 80 80 80 


Brinell Hordness........ 


Specifying is simple and systematic 
with 5 versatile Ni-Vee Bronzes 


Now ... designers and engineers can readily select 
a suitable bronze for any specific need . . . from 
only five Ni-Vee* bronzes. 


“As Cast,” these five Ni-Vee bronzes provide 
mechanical properties that surpass those of com- 
parable G bronze, red brasses and leaded bearing 
bronzes, What’s more, their superior properties can 
be still further elevated by simple heat-treatments. 


Basically, each Ni-Vee bronze contains 5% nickel 
and 5% tin, from 0 up to 20% of lead. Tensile 
strength ranges from 25 to 85 thousand psi, and 
hardness from 70 to 180 Brinell. 


Advantages 


Just five of these Ni-Vee bronzes make it possible 
to standardize metal inventories, melting practices 
and shop operation . .. as well as specification 
... to meet many industrial uses for copper-base 


castings. 


Each Ni-Vee bronze contains an optimum nickel 
content to raise leveis of strength, hardness and 
toughness. In addition, this nickel content provides 
a high degree of corrosion resistance in the Ni-Vee 
bronzes. Negligible zinc content makes it free from 
dezincification. This spells resistance to stress- 
corrosion attack. 


A versatile family 
Copper-base alloys are ordinarily used for the 
three types of castings listed below. For each of 
these applications a Ni-Vee bronze provides partic- 
ular advantages: 


(1) Constructional castings — high strength 

(2) Pressure castings — fine grain 

(3) Bearing castings — resistance to wear 
and seizure 


The simple family of five Ni-Vee bronzes actually 
replaces the confusing variety of miscellaneous 
bronzes. As a result, engineers and designers can 
now specify simply and systematically .. . specify 
Ni-Vee bronzes wherever possible. Parts cast in 
Ni-Vee bronze already serve electrical, power, steel, 
petroleum, chemical, automotive, aircraft, railroad 
and other industries. 


Engineering data for you 

Learn how the Ni-Vee bronzes can simplify your 
specification work, improve product performance. 
Send for a copy of “Engineering Properties and 
Applications of Ni-Vee Bronzes.” 
It contains useful information like 
that given in the table above: tables \ = 
of composition, charts on deforma- — 
tion, friction, fatigue, elevated 
temperature service, electrical 
resistivity, wear and other engi- 
neering data. Write for it now. 
* Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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“No other group could 


have done a better job 


than GIRDLER’ 


reports Texas Eastman Company 
about Girdler's Engineering Service 


N 1954, Girdler engineered and procured the 

equipment for the Longview, Texas, polyeth- 
ylene plant of the Texas Eastman Company, a 
division of Eastman Kodak 


After the plant was in operation, Texas Eastman’s 
engineering management reported: “The poly- 
ethylene plant has operated extremely well, thanks 
in a large part to the very fine job everyone at 
Girdler did for us. Time and again, we can see 
where the thought that went into the layout and 
piping up of equipment has paid off in a very 
large way. We know that no other group could 
have done a better job, and it is highly unlikely 
that anyone would have done as well as Girdler.” 


And Now . . . Girdler Selected Again 


Texas Eastman is now expanding this Longview 
plant. And the above comments point up why 
Girdler has been selected for engineering and 
procurement of equipment and materials for the 
new facilities as for the original plant, Texas 
Eastman—like so many leading companies in the 
chemical, petroleum, plastic materials, food and 
fertilizer fields —has found that Girdler's broad 
experience results in outstanding process perform- 
ance for them. 

When you plan plant expansion or moderniza- 
tion, take advantage of Girdler's complete design- 
engineerimg-construction service. You can get all 
the facts by contacting our nearest office. 


tke GIRDLER Compo 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
LOUISVILLE 1, KENTUCKY 


GAS PROCESSES DIVISION... Design, Engineering. Construction of Hydrocarbon Processing Plants, 
Gas Plants. Chemical Plants. Offices: New York, Sen Francisco 
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WHITLOCK PROCESS EQUIPMENT 


HEAT EXCHANGERS Whitlock manufactures a 
complete range of heat exchangers for every processing 
requirement. Standard designs include: Straight Tube and 
U-Tube, and Coil and Double Pipe types. 


PRESSURE VESSELS Where engineering design 
is important — for special operating conditions, longer 
service, or lower maintenance costs — a Whitlock Engi- 
neer can help you select the right Pressure Vessel to meet 
your exact needs. 


“PACKAGED” PROCESS SYSTEMS 
Whitlock is regularly “packaging” complete assemblies 
to handle typical process problems as in the case of this 
transfer oil heating system. Included are standard heat 
exchangers and vessels with complete operating con- 
trols for simple plant installation permitting immediate 


operation. 


COILS Whitlock is fully equipped to fabricate coils of 
any size or material and to assemble and test them 
hydrostatically or by “air under water”. Whether your 
process demands standard or special configurations, 
Whitlock can meet your requirements quickly and 
economically. 


In addition to manufacturing standard sizes and types for we!.'ing all standard materials as well as combina- 


of Heat Exchangers, Whitlock is fully equipped to design tions of dissimilar metals such as aluminum to bronze and 
and build specially constructed Exchangers for both high nickel to carbon steel. For complete information, write 
and low temperature services and for operating pressures The Whitlock Manufacturing Company, 97 South Street, 
ranging from a complete vacuum to several thousand West Hartford 10, Connecticut. In Canada: Darling 
pounds per square inch. Through long experience, Brothers, Ltd., Montreal. 


Whitlock Engineers have developed special techniques 
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Designers and builders of bends, coils, condensers, 
coolers, heat exchangers, heaters, piping, pressure 
vessels, receivers, reboilers. 


| 
| 

| 
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ner, but it is convemiently crowded with 
a great deal of useful material for the 
designer and the intelligent user of nu 
clear radiation imstruments The em 
phasis is on the physical foundation of 
detector elements giving the theory of 
detection processes and the performance 
of the detector elements. It does 
mention auxiliary apparatus, such 
pulse amplifiers scalers, or the use 
the complete imstrument. Some con 
structional features of instruments are 
shown schematically without detail. Cer 
tain instruments like bubble and cloud 
chambers and photographic emulsions 
are not mentioned since the instruments 
discussed are those which can be used 
with electronic recording devices 

The subjects discussed include the in 
teraction of nuclear radiation with mat 
ter. detection media, efficiency of detec 
tors, secondary emission and scintillation 
counters, and ionization devices 

The book is an excellent and accurate 
reference for the engineer who will work 
with nuclear radiation detection instru 
ments. It is highly recommended 


The Chemical Industry in Europe. 
A study prepared by the chemi- 


cal products committee. Pub- | 


lished by Organization for Euro- 
pean Economic Cooperation. 
Paris, 2 Rue Andre-Pascal 
(1955), $1.50 


Reviewed by Robert Frank, Foster D 
Snell, Inc., New York, New York 


Ihe organization for European Eco 
nomic Cooperation has published its 
second study on the chemical industry 
in Europe, covering the year 1954. The 
international committee charged with 
this study has widened the scope as it 
had been suggested after the first report 
rhe statistical information, which was 
anticipated, is still rather sketchy and 
is more concerned with percentage 
changes in production than with abso 
lute data. Thus, the picture shown re 
quires careful interpretation and leads 
often to misunderstanding of the real 
situation 

That the general trend of the chem 
ical industry has been ahead of total 
industrial production in 1954 was true 
in Europe as it was in the United States, 


but to show on a diagram that Greece 


} 


and Norway have been twice as far 
ahead of the crowd is, to say the least, 
misleading. The reporting of the pro 


duction of individual chemicals within 


(Continued on page 34) 
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the “policy” of 
many Processing Plants 


Protect costly piping, usually low in impact 
strength, against shock, vibration, expansion 
and contraction. Save their cost in pipe 
maintenance. 

Chemically impervious, non-contaminating 
(TEFLAON 

Eliminate slip-joints, gaskets, adaptors 
Made to mate with any companion flanges 

Standard Sizes from '4" to 10” LPS 

Ask your U. 8. Gasket—Belmont Packing 
Distributor or write for Catalog EJ-1155 


UNITED STATES GASKET CO. 


Camden |, New Jersey 


Pojj.,. 
for Yo ity 
f & Wr, 
Y 
| 
| 5 
mode, “OUp INTs 
| NG § 
ave” | 
\ 
GASKET BELMONT PACKING | 
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Plus CONTINUOUS OPERATION? 


yoo tll with Shares, 


You can depend on Sharples 


RPLES 


DH-3 High Capacity 
NOZLJECTOR 
continuous nozzle discharge 
for concentration of large quan- 
tities of solids such as starch, 
juten, phosphoric acid, anti- 
etc 


DG-2 AUTOJECTOR 


. solids discharge automati- 
cally controlled and varied by 
concentration of solids in feed 
stream as in processing protein 
concentrates, linseed oil, wool 
scouring liquor, etc. . 


} 


THE DV-2 


... automatic solids discharge is 
controlled as desired by means 
of external clock timers. The 
DV-2 has wide use for processing 
pineapple juice, vegetable purees, 
protein liquors, etc. 


THE SHARPLES CORPORATION 
2300 WESTMORELAND STREET + PHILADELPHIA 40, PENNSYLVANIA 


YORE CLEVELAMD OF TROT CHICAGO MEW OMLLAMS SEATTLE LOS ANGELES SAM /RANCISCO + MOUSTON 


Associated Companies ond Representatives threughout the Werld 
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it 2... better clority?.. higher capac- 
Re offers three different high capacity auto-. 
matic solids ing centrifuges from which to 


“...need your help,” phoned 
Barney to his nearest SK Sales 
Engineer. “I've thought over this 
problem I've told you about, read 
SK’'s Bulletin J-1, and | think a jet 
of some kind is right for the job.” 


Now, thorough mixing of dry powder and a liquid prior to discharge 
into a tank is accomplished by the use of an SK Fig. 235 Eductor 
as shown. Pressure liquid enters the eductor, entrains the powder, 
mixes the two in the venturi of the eductor and discharges the 
mixture into a receptacie. The streamline design provides maximum 
efficiency. No bird dog now, Barney is consulted on every pro- 
duction problem —bowis with Simpkins every Thursday night. 


“I'm Fep Up!" screamed Simpkins, the Superintendent. “I've had 
it, and I’m fed up. That mixer has Gor To Go!” 

“But boss,”’ soothed Barney, the Bird Dog Assistant, “‘that mix 
er can’t be shut down. The Front Office has already told us. . 

“Out!” interrupted the seething Super. 

“that if we can't spark up production, changes are gonna 

be made,”’ finished Barney. 

“You're Ricut,” said Simpkins coldly. “You're so absolutely, 
definitely right. Changes are gonna be made— Now!” 

“Can't we talk this over, man-to-man?" mumbled Barney. 
“Seems to me...” 

“Sure we can talk it over,’ said the Super, 
C’mere m’boy. I'll talk, and you listen. 

“You've got two weeks. Two weeks to Get Tuat Mixer Our 
and something an awful lot better in. That's your mission, boy, 
an out and out case. The mixer or you. Think it over,” said the 
Super, with a man-to-man pat on the back. 


“sure we can. 


“YOU'RE RIGHT,” replied SK's 
nearest Sales Engineer. “You're 
$0 absolutely, definitely right. An 
SK Water Jet Eductor will do the 
job, and I'll be right over to tel! 


MORAL: 


Get acquainted with 
all types of SK Jet 
Apparatus. Send for 
a copy of Condensed 
Bulletin J-1. 

Make use of a 
qualified specialist, 
your nearest SK 
Sales Engineer 


COMPANY 


® SchuTle and Koerling 


MANUFACTURING 


2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 
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each country is rather vague. The basic 
chemicals, organic as well as inorganic, 
have been lumped together for the de- 
termination of the trend rather than 
for exact data. 


The study states as follows: 


“Only seven of the twelve countries producing 
calcium carbide have submitted figures for 1954. 
As, however, they produce over three quarters 


of member countries total output, any trend in 
these figures would apply, in all probability, to 
the O.£.E.C. area as a whole.” 


Then, a mathematical average of the 
increase in production index is taken 
and an increase for the total area of 
roughly 15 per cent is assumed, while 
the increases in the individual countries 
range from 4 to 72 per cent. Since sim- 
ilar assumptions form the basis for other 
conclusions too, the whole approach 
appears wrong 


The appendix contains several tables 


Mode upture Viscs ore us or overpressure protection on tonk cors under . . 
ls 103-A, 103-8, 103-AW and 103-BW classifications. The car shown above wos built by consumption of sulfur and nitrogen 
Be American Car & Foundry Division of ACF Industries, Incorporated, and is owned by which have probably not been collected 
aR Shipper’s Car Line Division of the some company. Lessee is Niogoro Alkali Company in such detail anywhere else. 

, P ~ Basically, it appears that a lot of 
BS New BSoB Model TC Rupture Disc Will Not good effort has been wasted in collecting 
ets information, which could be valuable but 

2 Corrode Or Fati ve While Car Is In Transit! has been lost in a mire of statistical 

evaluation. 

oe Here’s a new Tank Car Dise by BS&B 

“ which meets the demand for a service- Adaptable To Either... 


sembly, Engineers Joint Council, 


while the car is in transit! 
New York, 68 pages, (1955) $1. 


able disc that will not corrode or fatigue =. _ Proceedings-Second General As- 
Engineered and manufactured by the 


nation’s leading and oldest manufac- This pamphlet is a discussion of the 
turer of rupture discs and related equip- Reserve Forces Act of 1955 by top rep- 
ment, the Model TC prevents unneces- resentatives of the Selective Service 
sary product loss and lowers mainte- >» wl Department of the Department of De- 
nance costs for tank car shippers. Lad- S) fense, Office of Defense Mobilization, 
ings reach their destination safely and Standard Bolted and the findings of the Hoover Commis- 
without delays. Type Fitting Or... sion. 


Adaptable to either standard bolted or 
threaded type tank car fittings, Model 
TC is thoroughly tested and proved 
through service by tank car builders 
and chemical shippers. 

Available in 30 psig. and 45 psig. relief 
pressures. Assembly into tank car fit- 
tings conforms to sketches shown at 
right. Dises are furnished for tank car 

fittings of any design. For more infor- “~ 
mation, address your inquiry to. 


American Universities and Col- 
leges, 7 ed. Edited by Mary 
Irwin. American Council on 
Education, Washington, D. C. 
(1956), 1,210 pages, $12.00. 


This edition of “American Universities 


and Colleges” brings up to date classic 
reference for student counselors, college 
administrators, researchers, and writers. 
It provides full descriptive data on 969 


accredited universities and colleges in 
the United States, Alaska, Hawaii, and 
Puerto Rico—seventy-two new accredi- 
tations since the 1952 edition. Seven 


Bracx. SIvatts & 


= chapters on the administration and or- 
= RvYS o N, INC. ganization of higher education in the 
Safety Head Division, Dept. 2-DX7 United States constitute another impor- 


7500 East 12th Street, Kansas City 26, Mo. tant feature. 
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“Push-button automatic control 
for compiex 
time-schedules! 


BUTTON 
ron OPENS vaive 


ano svaars 


~COMTROLLER 


Mate OF RISE 


With the Foxboro CycleLog Controller you can 
establish intricate control programs for process 
variables with a “twist of the wrist”... change them 
just as easily! You merely “dial” starting point, 

rate of increase to holding point, holding time, and 
rate of decrease to shut-down. A push button starts 
automatic control of cycle . . . repeats it precisely, 
as often as desired. 

Such bothersome industrial control problems as 
simple batch polymerizations, dissolvers, rubber 
processing (to name just a few ) are being solved 
every day with this compact, flexible systern. No 
more spoiled batches, ‘‘off-spec’’ product, or expensive 
re-runs. Operators report better quality, better 
uniformity, and increased production. And it all 
adds up to more efficient, profitable manufacturing. 
Your nearby Foxboro Field Engineer will be glad 

to discuss, at your convenience, how CycleLog 
Control can be used to advantage on your processes. 
Why not give him a call, or write for details today to 
The Foxboro Company, 937 Neponset Ave., 

Foxboro, Massachusetts, U.S.A. 


FACTORIES IN THE UNITED STATES, CANADA, AND ENGLAND 


CREATIVE INSTRUMENTATION 
for Process Automation 


REG US PAL OFF 


Vol. 52, No. 7 Chemical Engineering Progress 


= 
gchedvles reproduce’ exactly by push button 
gchedvles change? “astantly by ture of knob 
—" 
— 
~ 
OR 


Pump standardization 


YOUR CHOICE OF YOUR CHOICE OF 
MATERIALS OF CONSTRUCTION LIQUID ENDS 


With closed 
impellers for 
general service 


All iron All bronze All Worthite 


With open impellers 
“ Pw, for general and 
abrasive services 


Iron with bronze Sreel with iron Steel with bronze 
impeller andtrim impeller and trim impeller and trim With closed 


impellers for 
process service 


YOUR CHOICE OF 


SHAFT SEALING METHODS 


With open 
impellers for 
corrosive services 
Stuffing box 


Mechanical seal 


YOUR CHOICE OF DRIVES 


Monobloe Motor (has Direct Motor Drive 
4 


Monobloc Turbine 


Direct Turbine Drive 


FRAME-MOUNTED 


CLOSE-COUPLED 


Choose from 70,480 combinations. Worthing- _ terials of construction, types of liquid ends, shaft sealing 
ton’s SESC —Standard End Suction Centrifugal —line methods, and drives. Because the SESC line is built from 


allows you to “custom-build” your pump from stock standard, stocked parts, you get prompt delivery at com- 
parts, In each of the 120 sizes, you have a choice of ma- petitive prices. 


Ton 
news 
bs 
| 


slashes inventory, reduces 
downtime, cuts maintenance 


.».yet gives you 70,480 
combinations to choose from 


STANDARDIZE AND SAVE! NOT SOMETIME IN 
THE FUTURE, BUT NOW! 


With Worthington’s SESC—Standard End Suction 
Centrifugal —line, you can cut your warehousing and in- 
ventory costs as much as 50%, greatly simplify pump 
maintenance, and reduce downtime. 

You get these benefits without sacrificing flexibility. 
In fact, the SESC line gives you an even broader selec- 
tion. Because parts have been standardized and not pumps 
you can literally “custom-build” your pump to get ex- 
actly the right features for your particular application. 

The complete Worthington SESC pump line consists 
of six separate types, all suitable for either motor, tur- 
bine, or belt drive. Ratings range up to 2700 GPM and 
230 ft. head. Pumps and spare parts are available from 
field stock in all strategic areas as well as from the 
factory. 

If you'd like to know more about the SESC line, write 
to Section PC61, Worthington Corporation, Harrison, 
N.J. In Canada: Worthington (Canada) 1955, Ltd., 
Toronto, Ont. 


WORTHINGTON 


Reduces downtime. Parts interchangeability can mean big 
savings. When repairs or conversions are necessary, stand- 
ardization can often drastically cut downtime. For example, 
all SESC pumps can quickly be converted from packed stuff- 
ing box to mechanical seal and vice versa using stock parts. 


This frame fits 57 sizes 


This packing fits 40 sizes 


This mechanical seal fits 40 sizes 


This shaft fits 39 sizes 


This shaft sleeve fits 40 sizes 


This bearing fits 55 sizes 


Stashes parts inventory. You can cut inventory costs as 
much as 50% by standardizing on the SESC—Standard End 
Suction Centrifugal—line. In the 120 sizes in the complete 
line, many, many parts are interchangeable. As shown here, 
one shaft is used in 39 sizes, one bearing in 55 sizes, one frame 
in 57, one packing in 40, one mechanical seal in 40, and one 


shaft sleeve in 40 sizes 


Cuts maintenance.!f you know one SESC pump, you know 
them all. From the smallest to the largest the entire line is 
Maintenance men quickly 
become familiar with construction details. Their work is sim- 
plified and maintenance costs greatly reduced. 


built to the same basic design. 


i 


the 
powerfu 


answer 


handling 
problems 


~ ING 


PUMP 


When production lags because of inadequate 
pumping facilities, you need the dependable 
power of an Ingersoll-Rand Motorpump. These 
pumps are designed for deliveries of from 5 to 
2800 gallons per minute, they operate in any 
position and being compact, save floor space 


as well! 


I-R Motorpumps are efficiently designed for 
economical performance and ruggedly con- 
structed to stay on the job with a minimum of 


maintenance. 


To get all the details on I-R Motorpumps in 
sizes from % to 75 hp, write for complete cata- 


log data. 


9.42! 


Ingersoll-Rand 


1! Broadway, New York 4, N. Y. 
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| About our authors 


HEADLINERS this month are Neil 
Kelly and Leonard Swenson, authors of 
our special feature article 
“Comparative Perform- 

ance of Cooling Tower 

Packing Arrangements.” 

Both are engaged in the 

research program at 

Pritchard which has pro- 

vided the basis for this unusual paper, 
the first of a series. Leonard's explana- 


| tion of his interest in the 


subject included: “The 
study of individual drops 
has been of paramount in- 
terest for many years. | 
improvised atmospheric 
cooling of drinking water 
| during military service in the Philippines 
with the 7th Division.” 


NOW IN THE RANKS of V.I.P.'s 
is Jack Tielrooy, author of “The Impor- 
tance of Complete and Ac- 
curate Capital Cost Esti- 
mates” (C.E.P., May 
1956). Jack has since 
public ation of the article 
been elected to the Board 
of Directors and Execu- 
tive Committee of Brea Chemicals, Inc., 
where he was manager of development 
a position he will continue to fill. 


WHEN G. P. MONET of DuPont's 
Experiment Station presented his paper 
“Experiences with Mixed 
Bed Deionization” at the 
Houston A.LCh.E. Meet 
ing, he charmed his audi- 
ence with color motion 
pictures of the backwash 
ing, separation, and other 
steps of the exchanger operation cycle. 
The reaction of a certain Committee was 
so favorable that he was awarded the 
certificate for best presentation at the 
meeting 


PETE NEIDIG, author of “Is Capi- 
tal Really Tight in the Chemical Indus- 
try,” is the immediate past 

president of Chemical 

Market Research Associa- 

tion. His is one of the 

truly unique careers in the 

profession; certainly few 

have gained such eminence 

by starting in chemical engineering and 
then forging a major portion of their 
careers in investment banking. As a 
partner of White, Weld & Co., Pete fills 
among his wide circle of acquaintances 
the obviously growing need for the spe- 
cialist who can talk the language of 
finance as well as that cf chemical engi- 
neering. His paper was the basis for 


the luncheon address given at the Los 
Angeles A.I.Ch.E. meeting. 
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STRING 


Tear a small piece from the continuous sheet 
of cake coming from a FEinc String Filter. 
Turn it over in your hand. In the closely 
spaced grooves you'll see why FEinc gives 
better filtration . . . on jobs ranging from 
thick fibrous cakes to thin sticky slimes. 

The strings literally lift the cake out of the 
weave of the cloth. No scraper to wear, 
smear or plug the fabric. The cake is dryer, 
too. Cleaner cloth aids filtrate removal, with 
less vacuum. No “blow-back” is needed to 
loosen the cake, hence no filtrate is blown 
back into the cake. If FEinc’s Compression 


HORIZONTAL SCRAPER 


CUSTOM DESIGNED CONTINUOUS FILTRATION 


Dewatering Mechanism is added, you get 2 
to 6% more moisture out of the cake. 

It all adds up to higher yield with FEinc: 
Cleaner, more workable cake . . . higher 
recovery of solubles . . . higher filtration 
rates with a smaller filter . . . extra savings in 
reduced “down-time” and longer cloth life. 

The Original String Discharge Filter is 
now only one of many types of FEinc con- 
tinuous rotary vacuum filters available . . . 
custom-made at standard costs. Write for 
bulletins today, or ask for performance 
studies. No obligation, of course. 
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ah 
y= 
= 
55 Oraton Street, Newark 4, N. J» 
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BRAMLEY-BEKEN AT 
THIOKOL CHEMICAL 
CORP., ELKTON, MD 
MIXES — DISPERSES 
SOLID PROPELLANTS 
FOR ROCKETS AND 
OTHER USES 


Secaude ... VERY EFFICIENT gor MIXING SOLID PROPELLANTS for ROCKETS 
OTHER USES DEPENDABILITY IS A 


HEAT TRANSFER IS DIRECT AND POSITIVE. Paddies draw material away from the trough 
walls instead of building up heat by pushing or smearing against the walls. | | 

ALL POWER GOES INTO PRODUCTIVE WORK. Only that part of the mass being squeezed 
between the multiple paddle blades is worked on at any one time. Hence, saving in power 

increased productivity less operating and maintenance costs faster output 

and a better end-product 

Laboratory and pilot test facilities are available | | | 

The selection of the Bramley-Beken by America’s top leaders in the chemical and 
processing industries is significant and indicative | | 


PRINCIPLE OF OPERATION showing one cycle above in dispersion-mixing, is the 
very opposite to that of the horizontal, 2-shaft mixers. The faster paddies (blades | 
& 2) travel twice the speed of the slower paddies (Diades 3 & 4). As the faster Diades 
overtake the slower biades, they bite and squeeze the ingredients between them 
and provide positive, uniform mixing-dispersion-aneading, with complete absence 
of balling 


EDGEWATER. N. J. 
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As a leader in the design and fabrication of 
petroleum and petrochemical process equip- 
ment, The M. W. Kellogg Company as- 
sumes many extra curricular responsibilities 
which eventually benefit not only its cus- 
tomers but the process industries in general. 
One of these responsibilities is Kellogg's par- 
ticipation in technical committees of pro- 
fessional societies and associations, particu- 
larly at subcommittee working levels. 

At present, M. W. Kellogg's engineers, 
metallurgists and others give a considerable 
part of their time to over seventy such 
activities .. . ranging from boiler and pres- 
sure piping codes to welding practices and 
radiographic testing techniques. Many of 
today’s accepted design concepts were in- 


Fabricated Products Division 


Buyers of Any Process Equipment 
Reap Benefits from M. W. Kellogg’s 


COMMITTEE 
WORK 


troduced to the engineering profeasion by 
Kellogg committee men 

The M. W. Kellogg Company is privileged 
to contribute increasingly to the important 
work of technical and engineering societies, 
associations, and related groups. The prac- 
tical application of the knowledge imparted 
and gained is another plus which goes into 
Kellogg's “‘built-in engineer’’ approach to 
process equipment design and fabrication. 
A typical example is a paper prepared by 
M. W. Kellogg engineers, ‘Collection and 
Correlation of High Temperature Hydro 
gen Sulfide Corrosion Data,” and presented 
at a recent meeting of the National Associa- 
tion of Corrosion Engineers. Write for your 
copy. 


THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17, N.Y. 


nadian Kellogg Company Limtied. Torente ¢ 
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HEAT TRANSFER 
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A SUBSIDIARY OF PULLMAN 
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Lithium, by reason of its atomie con- 
figuration and general characteristics, is 
rightfully ineluded as the first member 
of Group | in the Periodic Table. A de- 
tailed study of the properties and reac- 
tions of both the elements and their 
compounds, however, shows that Lith. 
ium often resembles the metals of Groups 
If and more closely than Group 
Following are some characteristic dif- 
ferences: 


Lithium differs in organic 
chemistry... 
because its organolithium compounds 
form a unique class with stability, solu- 
bility and activity characteristics inter- 
mediate between those of the Group I 
and Group LL organometallic compounds, 
Lithium also differs from the other 
alkali metals in that it serves as a unique 
catalyst for the polymerization of diole- 
fins to materials of definite and predict- 
able structure. It direets, for example, 
the polymerization of isoprene predom- 
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inantly to 1,4 addition structures. 

Again, recent investigations have in- 
dicated an interesting potential as a 
direct reducing agent in solvents such 
as ammonia, low molecular weight 
amines, and ethylenediamine, 


Lithium differs in metallurgy... 
inasmuch as the affinity of Lithium for 
oxygen, for example, is being utilized to 
reduce porosity in copper and copper 
alloy castings. Recent research has re- 
vealed that Lithium will produce brazing 
alloys with self-fluxing properties and in- 
crease the wetting ability of these alloys. 


Lithium differs in inorganic 
chemistry... 

the usefulness of Lithium Hydride and 
Lithium Aluminum Hydride in the prep- 
aration of other hydrides having already 
been widely demonstrated. Recent 
studies indicate that other complex hy- 
drides prepared in a similar manner may 
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prove to be interesting tools for research. 
The low dissociation pressure of Lithium 
Hydride at its melting point, to cite a 
specific example, is unique among all 
hydrides. Lill also has some slight solu- 
bility in polar organic compounds which 
is again unique among alkali metals. 


Lithium differs in heat 
transfer... 

based on its physical properties it has 
no equal as a liquid metal coolant. Due 
to corrosion caused at elevated temper- 
atures by impurities in commercially 
available Lithium and Lithium Metal, 
Lithium has thus far found only ex- 
perimental use. 

Why don't you take a long look at 
Lithium? Its uniquely valuable differ- 
ences in so many diverse fields may 
prove of great interest-—and profit——to 
you. Write our PR&D department giv- 
ing us details of the application you have 
in mind, Experimental quantities of Lith- 
ium Compounds are available on request. 
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METAL CONCENTRATION BY ION EXCHANGE 


FRESH ACIO 


TO PROCESS: 
ELECTROLYSIS, 
PRECIPITATION OR 
CRYSTALLIZATION 


© The Permutit Compan y 


lon Exchange gives Better Yields 


e lon exchange increases yields, simplifies flow sheets 
and cuts labor, supervision and chemical costs when 
used with other hydrometallurgical processes such as 
Leaching, Clarification, Filtration, Purification, Precipi- 
tation and Electrolysis. 

The simplified flow diagram shown above illustrates 
the main principles of ion exchange in concentrating 
metals from leach liquors, filter washes, other dilute 
process solutions or mine waters: 

As the feed solution or mine water passes through the 
ion exchange unit, the metal values are concentrated on 
the ion exchange resin, generally in preference to other 
ions present, leaving the solution or mine water metal- 
free. When the metal-attracting property of the resin is 
exhausted, an appropriate elution solution, for example 
an acid, is passed through the resin to pick up the metal. 
In most cases, the elution solution also acts as regenerant 
to restore the metal-attracting capacity of the resin . . . as 
shown on the diagram. Recycling the elution solution 
provides high concentrations . . . often several thousand 
times as concentrated as the original feed solution. 
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lon Exchange methods apply to these metals: 
Base Metals Minor Metals Precious Metals 
Copper Cobalt Gold 
Zinc Tungsten Silver 
lead Molybdenum 
Tin Vanadium 
Decorative Metals 


Nickel 
Chromium 


Platinum 


Rare Earths 


Lanthanide Group 
Actinide Group 


Aluminum 


Uranium 


The Permutit Company not only designs and builds com 
plete ion exchange systems, but also manufactures ion 
exchange resins and zeolites for all industrial applica- 
tions. For information, write: The Permutit Company, 


Dept. CEP7, 330 West 42nd St., New York 36, N.Y. 


Rhymes with “Compute it” 


Chemical Engineering Progress 


4 * , 
| 
CONCENTI 
Page 43 


choose from 
approaches 
to higher 
octanes 


The new Houpry Iso-PLus Process combines 

the proved advantages of catalytic HouDRIFORMING 
with other processes to economically 

reform low-octane naphthas into gasolines with 
octane ratings in excess of 100-octane F-1 clear. 


This catalytic reforming process offers 
refiners practical approaches to higher octanes 


at relatively low investment. 


High-Octane Alternatives with ISO-PLUS HOUDRIFORMING 


1SO-PLUS Aromatics 
Extraction Combinations 


1. Iso-Plus Houdriforming 
with separate Houdriforming 
of paraffinic raffinate 


2. Iso-Plus Houdriforming 
with recycling of paraffinic 
raffinate 


Variations of the Iso-Plus 
Process employing aromatics 
extraction have produced 
yields of 100-octane gasoline, 
F-1 clear, of up to 91% of 
naphtha charge. Slight 
changes in operation permit 
refiners to further increase 
gasoline product octane. 


ISO-PLUS Thermal 
Processing 

3. Iso-Plus Houdriforming 
with thermal reforming of 
Houdriformate 


With thermal reforming as 
the supplementary process, 
Iso-Plus processing yields 
80° to 90% of reformed 
gasoline, depending upon the 
desired octane rating of the 
final product. This operating 
scheme is especially attractive 
to refiners with available 
thermal reforming equipment. 


For further information, write to Houdry Process Corporation, 
1528 Walnut Street, Philadelphia 2, Pa. 
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Plastics are continuing their expansion as 
dramatically as in the past, spurred by new and 
unexpected applications, new techniques, the 
opening of new fields and the development of 
new materials. Barring temporary setbacks in 
one area or another, there seems little reason to 
look for anything but new high records in pro 
duction and sales over the next few years 

The industry is prognosticating a volume of 
around 4 billion pounds this year against 3,500, 
000,000 pounds in 1955, and roughly 5 times the 
volume of 800 million pounds ten years ago 
There are many hopeful guesses on the total 
volume the industry might reach by 1960. A 
continuation of the present rate ol growth could 
bring a total volume of 6 billion pounds by 
1960. It is difficult, however, to tell what in 
creases will be registered by the older plastics and 
impossible to tell what gains may be scored by 
some of the newer materials and combinations 
of materials in fields which at the moment may 
not be thought of 


Major Developments 

Several major pieces of news this year have 
plastics people vitally interested and should 
have an important impact on the industry in 
the next few years. One is the advent of the 
Ziegler and Phillips Petroleum low-pressure 
catalytic processes for making polye thylene with 
properties differing from those of the high pres 
sure variety. It seems indicated that this pro 
another new plastic, and not just a 
competitor to the present polyethylene now 
selling at the rate of about 500 million pounds 
vearly 


vides 


Apparently these low pressure 
also be turned to other chemical uses, including 


proc can 


the possibility of other varieties of plastics 

The announcement by Union Carbide & Car 
bon Corp. of a new, low cost method for making 
peracetic acid may also have an impecttant im 
pact on the plastics held, as wel’ as on the 
chemical industry generally 

Ihe third striking piece of news is the Italian 
Montecatini process for making polypropylene 
as well as polystyrene and polybutadiene by 
catalytic methods 


New Applications 

Ingenuity on the plastics front is not confined 
to the development of new materials and new 
processes. A number of interesting combina 
tions of materials were unveiled at the recent 
plastics show in New York which may open 
nearly as many new and extended fields as en 
tirely new plastics. One of these materials is a 
styrene sheet surfaced with Mylar which with 
stands corrosion and heat. This might find use 
as compartments for storing foods in stores. It 


» /PLASTICS 
tre dis 


also has excellent electrical properties, but it 
is so new that uses have not been fully evaluated 

Another new product with interesting possi 
bilities is a structural material made of styrene 
foam surfaced on one side with fiber glass and 
on the other side with high-impact styrene. It 
is already being used in refrigerators and may 
have uses in the building field 

Plastics people, especially makers of urea, are 
looking forward to color television partly for the 
reason that they feel that color TV will create 
a large demand for colored plastic set housings 

At the plastics show also, polymers of styrene, 
acrylonitrile, and other styrene 
shown which have improved resistance to cor 
and although they may not be 


plastic Ss were 


rosion and heat, 
the final answer for some applications, they will 
extend the styrene field 

Although styrene is one of the older plastics 
and has been facing competition trom other ma 
terials, it has held its ground and made excellent 
gains. Many in the industry feel that this 
material has far trom exhausted its possibilities 
The new use of styrene foams ts one example 
Further on the horizon are thin-wall, disposable 
drinking cups which have an advantage over 
paper for beverages and could run into sub 
stantial volume 

Optimists in the field are now taking a look 
at the market. They note 
that brands packaged in still cardboard con 
tainers seem to be gaining ground, and that it 
might be possible to make thin, stiff disposable 
packages of styrene. If this works, another sub 


cigarette container 


stantial market would be opened. It also points 
the way toward other large markets in the 


container field 


Plastics in Homes 
There 


ning to gain momentum, to extend the applica 


is also a drive under way, just begin 
tion of plastics in the home building field. Al 


widely used plastics seem to 


though already 
have even more impressive opportunities, espe 
cially in view of the trends in modern housing 
Plastic tiles for bathrooms and kitchens are still 
far from having reached a peak. The use of 
polyethylene sheets as moisture barriers and as 
temporary enclosures for buildings under con 
struction is just beginning to be accepted, and 
plastic foam insulation, soft foams for up 
holstery, sliding panels, and doors are all large 
potential markets 

Plastics are also growing rapidly im use in the 
furniture industry, with whole bureau drawers 
being molded in one piece. [hese 
dimensionally 

Eilorts are 


“do-it 


lor example 
have the advantages olf 
stable and theretore 
also being made to push plastics in the 
yourself” field for the home making of furniture 


int 
non-sticking 
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In the pages of this booklet are data every 
design engineer will want to have when faced with 
piping problems involving fluids or gases. 


Where and how flexible plastic tubing can be used 
most effectively; how plastic tubings can differ 

even within a single family of resins; how to select the 
type and formulation to fit your requirements. 


Specifically, of course, it deals with Tygon 
flexible-plastic Tubing — the flexible plastic tubing 
most widely used in laboratories, hospitals, food and 
beverage plants, and in the chemical industries. 


Detailed tables outlining the physical, and chemical 

characteristics of the various standard Tygon 

formulations, complete table of chemicals to which 

the tubing is resistant, methods of assembly and 

cleaning, data on working pressures and temperatures 
. facts which simplify the problems of any 

engineer ... are yours in this free booklet. 


Write for it today. Ask for Bulletin T-87. i 


PLASTICS AND 
SYNTHETICS DIVISION 
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opinion 
and 
comment 


Great Interest Was Evidenced 


If one can judge from the interest evidenced in the recent sym 
posium on technical writing at the New Orleans A.LCh.E. Meeting, 
it would seem that this is a subject of prime importance to the chem 
ical engineer. A tabulation of the attendance at the symposium 
estimated as present about everyone not otherwise occupied by plant 
trips or the day-long session of the Local Sections Activities Com 
mittee. Apparently it is true in this field as in many others today 
a great many people are interested in self-improvement measures 

No quick and easy formula was promised by the teachers present. 
While certain rules should be followed because they represent general 
truisms, no particular text or reference work was cited as having all 
the answers. Instead, it was felt that so much depends on the indi 
vidual’s own set of problems. 

Many of the general rules applicable to reports, as discussed by 
the industrial research executive present on the panel, covered such 
elements as purpose, contribution, conciseness, suitability, and timeli 
ness. Certainly these apply to all technical writing. But just how 
does one go about doing all this? How does one synthesize the right 
combination of words, sentences, and paragraphs to a suitable form? 

Working with a competent teacher, cither privately or in a class, 
and development of a critical sense toward one’s own writing as well 
as that of accomplished authors, will help. Then too, there was agreed 
to be no substitute for writing, writing, writing 

Another aspect of the problem of writing as it affects contemporary 
chemical engineering literature was raised: this was the question of 
the responsibility of those possessing specialized knowledge which 
could be transmitted to other members of the profession for the benefit 
of all concerned, All panel members agreed that the person with a 
good grasp of his subject usually writes with greater ease and better 
results as long as he stays with such subject material. On his specialty, 
he may be a lucid writer, and with relatively little effort. On other 
subjects, with which he has less familiarity, he may find the job of 
turning out comparable written material much more difficult. 

For such people—those who have important information to shar 
it is important that no serious impediments stand in the way of their 
passing along knowledge to those who need it. The danger of reject 
ing such valuable information for the reasons that it is not written 
in the style or length desired is a problem that faces every editor 
More and more, periodicals serving the fields of engineering and 
science are having to cope with this problem—one which deserves 
serious consideration. In the case of C.E.P., we are also concerned 
about this in connection with our program of expanding the publica 
tion of material relating to applied phases of chemical engineering 
In doing this, we are attempting to render counsel and even direct 
aid to the author who for personal reasons finds it impossible to 
write his very important information in the particular style or length 
which are practical for magazine publication. A program such as 
ours is intended to assure publication of important information, not 
to offer aid where it is not needed 

Certainly, it is a part of a truly professional attitude to share re 
sponsibility for maintaining a vital progressive literature. Likewise 
it is a publication's responsibility to be selective, and to present its 
material in most readable, interesting form 
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Size is relative... 
but these stainless steel heads 
are big and heavy gauge in 
anyone’s eyes. 
They are typical, too, 
of the unusual in 
Carlson service. 


When you want stainless 
steel plates, 
plate products, forgings, bars, 
and sheets (No. 1 Finish) 


THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


hed come to your headquarters 
“an 
heads are made of Type 
304 stainless steel. Out- BE 
side diameter; 74%". — 


The purpose of the investigation described herewith was 
to determine the comparative performance and pressure 
drop characteristics of representative cooling-tower pack- 
ings similar to those in common use in industrial cooling 
towers. These packings consist, in general, of bars or grids 
fabricated from redwood lumber, spaced relatively for 
apart both horizontally and vertically so that the percen- 
tage of voids in the cooling tower is usually in excess of 
97 per cent. The data presented are shown to be in 


agreement with field tests on commercial cooling towers 


comparative performance of 


COOLING 
TOWER 
PACKING 


ARRANGEMENTS 


Neil W. Kelly and Leonard K. Swenson | J. F. Pritchard & Company, Kansas City, Missouri 


pee the present widespread and 
continually growing use of cooling 
towers for heat dissipation in power and 
process plants, comparatively little infor- 
mation is available on the specific per- 
formance and pressure drop characteris- 
tics of the types of cooling-tower pack 
ing arrangements in current use. Some 
basic data, nor directly applicable to the 
splash-grid packings currently in use in 
large industrial cooling towers, are 
available on the subject of heat and mass 
transfer between water and air in spray 
towers (8&8), wetted-wall columns (1/3) 
and small columns packed with relatively 


dense film-type packings (6, 10,12) 


Theory and Review 


The basic equations covering com 
bined mass and heat transfet phenomena 
have been covered in the literature (9) 
Likewise, the simplification, made pos 
sible for the system water-air by the 
fortuitous circumstance that the Lewis 
modulus, h/ke,, is approximately unity, 
has been covered (7). Resulting equa 
tions for the combined heat and mass 
transfer in the system water-air involve 
an over-all mass transfer coefficient, A, 
tovether with a driving force that is the 


air enthalpy 

Gdig —ig)jdl’ (1) 
From a heat balance, 

Gdig Le,dty cal (ty ly) (2) 


If the second term on the right side 
of Equation (2) can be ignored, and 1 


assumed constant 


Gdig Le,dt;, (ne urly) (3) 
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Equation (1) becomes, by substitution 


of Equation (3), 
Le,dt, ig dV (4) 


Solving Equation (4) and integrating 


with « 1.0 for water, 
v 
fe 
Kal 
= 
/ a 


ty 


Solving Equation (1) and imtegrat 
ing, 
(6) 


Kal’ 


G 
" 


Che dimensionless left side of qua 
tion (6) has been named “number of 
transfer units” after Colburn (4). The 
leit side of Equation (5) has been ce 
fined as the “tower characteristic’ after 
Lichtenstein (5 

Despite the fact that Equation (5) 
appears less accurate than Equation (6) 
the former equation, defining the “tower 
characteristic,” has come into common 
use in the cooling-tower industry Ac 
tually, the approximations inherent u 
(5) become of small concern compared 
to the approximations necessary to ar 
rive at Equation (1) from which both 
Equations (5) and (6) are derived 

Lichtenstein has shown (5) that for 
a givet cooling tower, a plot of Kal / 

the L./G ratio, with G as a parameter 
result in a closely spaced family o 
nearly parallel lines. Since, in commer 


cial counterflow cooling-tower practice 
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only a small over-all variation im G 
ranging from about 1,100 to 1,800 Ib 

(hr.) (sq.ft.) would be considered for 
economic reasons, no great error results 
irom correlatme the data a plot ot 
Kal /L L/G. Data in the present 
investigation are presented in this mar 

ner (see Figure 2), and it will be seen 
that the tower characteristic 1 tu 

tion of L./G ind is not dependent mn” 


the specific value of G 


Test Facility 


The cooling tower used in these «tudi 


consisted of a square column approximately 
0) it. iigh, having an inside plan area of 
Lhe columm was eathed 
the mside sheathing consisting i rev | 
plywood and the outside of 9/16-i red 
wood shiplap materia An air spac as 
pro. led wiween th utsile 
sheathing am! the tower Au ‘ ered 
the outside with 2-in. thict rofoam 
insulation to minimize heat loss I he 
aw miets tor the tower were 3 it. hig 
it pening located on two 
opposite ides of the tower just above the 
top of the 18-in deep steel basi 

The air tor the tower wa per led y a 


squirrel-cage blower, in forced draft ar 
rangement Wet- and dry-bulb tempera 
tures of the aw entering the tower were 
automatically mit meat of 
steam mijcctha tem arm heater 


coil located in the air duct at the fan «cis 


charge. Following humidification and heat 
ing, the air passed through a baffled muxing 
chamber and into a M-it. long traight 
run of J6-in. diam. duct equipped th ar 
evga -crate traightener and an ate 
At the vena contracta of the orifice a pitot 
tube comnected act a 2-0 clined tube 
dratt gauge gave a deflects whine va 
calibrated by meat ta twenty-poimt pitot 
tube traverse ipstrean the orifice plate 
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ORIGINAL EXPERIMENTAL DATA 
AVAILABLE 


Twenty tables of detesiled experimental 
date from which this article was written 
are available in limited quantity from 
the authors. These tables are also on 
file (Document 4869) with A.D.1. Auxil- 
lary Publications Project, Library of 
Congre<s, Washington, D. C. These date 
are obisinable by remitting $3.75 for 
photoprints and $2.00 for microfilm. 


to measure the total air flow. Approxi- 
mately 15 ft. downstream from the orifice, 
the air duct branched into a Y, the arms 
ol which were connected to the tower air 


inlets, Air wet- and dry-bulb temperatures 
were recorded and controlled to within 
0.2° lb. trom calibrated-resistance thermom 


eters located in the air duct approximately 
5 it. upstream of the Y 

The water system consisted of a pump 
taking suction from the cooling-tower basin 
and circulating the water through steam 
heaters, a calibrated quick-change orifice 
assembly and into the distribution system 
in the cooling tower. The hot water tem 
perature was automatically controlled and 
recorded to within 0.2° F. with calibrated 
resistance thermometers with an air-oper- 
ated controller and an air-operated valve 
in the condensate line of the water 
heaters. Make-up water was introduced 
ito the system at the pump suction, 
downstream from the point at which 
the cold water temperature was measured 
and recorded by a calibrated resistance 
thermometer. The quantity of make-up 
water was automatically controlled from a 
float in the cooling tower basin and meas 
ured by a rotameter in the make-up water 
line. The orifice assembly for measuring 
the water circulation rate was connected 
to a 40-in, well-type mercury manometer 
The water circulation rate was controlled 
by hand operation of a valve on the pump 
discharge 

The water system in the 
4-in. pipe 
cross-arms 
low 


were 


distribution 
cooling tower consisted of a 
main header with two 2-in. pipe 
terminating in elbows into which the 
pressuze splash-plate-type distributors 
Sach splash-plate was located in 
the center of an area approximately 3 feet 
square, T.% piping to the tower was ar 
ranged for locating the distribution system 
at any desired level at 6-ft. intervals to 
permit testing various packed heights 


screwed 


The air pressure drop through the 
cooling-tower packed height was meas- 
ured for test point by 
static taps used in conjunction with a 
draft gauge. The bottom static tap was 
installed in the air inlet chamber just 
below the bottom fill deck; the top static 
tap was installed approximately 3 ft. 
below the top deck. Reported values of 
static pressure have been corrected by 
the ratio of the total number of decks 
installed to the number of decks between 
static taps, to give the pressure drop ot 
the total packed section excluding dis 
tribution For the distribution 
system used, the air pressure drop was 


each means of 


systemi. 
negligible. 


Calibrated resistance thermometers in 
the air discharged from the tower re 
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corded the outgoing air wet- and dry-bulb 
temperatures. All pertinent operating 
water and air temperatures were contin- 
uously recorded by resistance thermom- 
eters on a twelve-point electronic strip 
facilitate the deter- 
mination of steady-state conditions. As 
a further check, precision mercury-in- 


chart recorder to 


glass thermometers were installed at all 
temperature measurement stations 


Experimental 

ight different cooling-tower decks were 
investigated. Two of these decks were run 
at two different vertical spacings. The 


pertinent dimensional data are given in 
Figure 1. All decks were constructed of 
rough redwood batts nailed to the edge of 
rough 1 x 2-in redwood stringers. The 
decks were so constructed and arranged in 
the cooling tower that there was no open 
path from top to bottom of the tower 
which would permit water to jall through 
the packing without contacting decks 

The total height occupied by the decking 
was 20 ft, except for variable height 
studies in which the height was varied from 
8 to 26 ft. For each deck, two values of air 
rate, G, substantially bracketing the limits 
of commercial application, run. At 
each value of G four values of L were run. 
In all runs the hot water temperature was 
controlled to 120°. The wet bulb was con- 
trolled to 75° in all except run in 
which a wet bulb of 70° was used. In 
addition to these runs, certain decks were 
selected to determine the effects of varying 
hot water temperature and inlet wet-bulb 
temperature. In all cases in this investi 
gation, the exit air was found to lh 
essentially saturated, with outgoing wet 
and dry-bulb temperatures less than one 
degree apart 


were 


For each test point the value of the 
tower characteristic, KaV’/L, was calcu- 
lated from Equation (5), by the use of 
a quadrature formula for numerical in 
Values of air enthalpy used 
total barometric 


tegration. 
were calculated for a 
pressure of 28.85 in 
taken as the average barometric pressure 
at the cooling-tower site at 1,000-ft. ele 
vation. Heat balance calculations were 
made for each test point by the use of 
Equation (2). The maximum deviation 
from a complete heat balance closure 
was found to be 9.6% with a mean 
deviation of 2.7% for the approximately 
130 test points involved in this investi- 


Hg, which was 


gation, 
Determination of End Effects 


In the cooling tower? as commonly con 
structed, the water is introduced at the 
top of the packed section through noz 
zles or distributors in such a way as to 
assure uniform distribution 
of water over the entire plan area of 
the packing. Air is introduced below 
the bottom of the packed section and 
flows upward through the packing coun 
falling Mist 


eliminators located 


a relatively 


tercurrent to the water 
extractors or drift 
above the water distribution system re- 


duce the quantity of liquid water carry- 
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over to a negligible amount to prevent 
excessive water loss and nuisance. Such 
a tower consists of three water-cooling 
sections in series: a plenum chamber be- 
low the packed section in which the in- 
coming air is in contact with relatively 
large (5 to 6 drops of water 
falling from the packed the 
packed section; and the water distribu- 
tion section. The magnitude of the end 
effects (bottom plenum and distribution 
sections ) can be determined Ivy selecting 


mm.) 
section ; 


a particular deck arrangement and test- 
ing it at various packed heights with L 
and G held constant. A plot of Kal’// 
vs. number of decks will, upon extrapo 
lation to zero height, give the value of 
Kal /L for the end effects at the test 
values of L and G. 

The over-all tower characteristic can 
be expressed as the sum of the values of 
Kal’ /L for the end effects and for the 
packed section 
(KaV’/L) (Kal /L) 
+ (Kal 

This procedure was used in variable 
height studies using Decks A and H. 
The experimental values for deck A 
Figure 2, and 
plotted in Figure 3. It will be noted that 
the characteristic of the end 
effects is of a small order of magnitude, 


) packing (7) 


are given in cTross- 


tower 


averaging approximately 0.07 for decks 
A and H Assuming that all other 
decks tested would have an equivalent 
end effect, the performance of all decks 
can be expressed as (see Equation (7) ) 
Kal’ 
= 0.07 + AN(L/G)~-" (8) 
Equation (8) expresses the tower char- 
acteristic in the number of 
decks, the water-to-air ratio, and the 
constants A and n. With the data from 
the present values of A 
and n 
shown in 
From 
curve of Kal’/L vs. L 
mined for any packed height for the 


terms of 


investigation 


have been calculated and are 


Table 1. 
values of A and n, the 


G can be deter- 


these 


decks tested. It should be noted that 
values for 4 and nm are different for 
each deck and for different vertical 


spacings of the same deck 
A comparison between observed 
values of tower characteristic and values 
calculated from Equation (8) and Table 
1 is given in Table 2. The mean devia- 
tion of the calculated from the observed 
values is 3.6%, with the maximum de- 
viations occurring generally at the low- 
est values of water-to-air ratio. 
Different types of water distribution 
in different values 


The present investiga- 


systems may result 
for end effects 
tion was for the purpose of determining 
the comparative performance of decks. 
For this reason, all tests were run with 
the same distribution system for which 


the end effects were essentially constant 
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and represented a small percentage ot 
the total tower characteristic. Since the 
distribution system and lower plenum in 
the experimental tower are similar to 
those commonly found in industrial 
cooling towers, it is anticipated that end 
effects of about the same order of magni- 
tude will occur in full-scale industrial 


towers. 


inflvence of Hot Water Temperature 


The literature contains several reports 
(1,8,11) indicating that the tower char- 
acteristic or number of transfer units 
decreases as the hot water temperature 
increases No really satisfactory ex- 
planation for this phenomenon has been 
given, and the literature shows consider- 
able variation in the magnitude of the 
hot water temperature effect, ranging 
from no effect for a wetted wall column 
(J3) to a substantial effect for a spray 
filled tower (8). A series of runs was 
made in the present investigation with 
decks C, D, and I, in which the hot 
water temperature was varied from 100 
to 150° F at constant / &, packed 
height, and wet-bulb temperature. The 
results, shown in Figure 4, indicate that 
the effect of hot water temperature is a 
function of deck geometry and spacing 
In all three cases, the reduction of 
Kal’ /L, amounting on the average to 
only about 2% for each 10° change in 
hot water temperature, is substantially 
less than typical values reported in the 
literature for spray-filled and dense deck 
filled cooling towers (1, 8). 


Influence of Wet-Bulb Temperature 


\ series of tests was run with deck A 
to determine the effect of inlet wet-bulb 
temperature. The wet-bulb temperature 
was varied in 5° increments from 55 to 
SU”, at a constant relative humidity of 
50%, holding L and G constant. The six 
values of Kal'// 


deviation from the average of 1.20% with 


showed a maximum 


no trend noted 


Air Pressure Drop 


The filling, supports, and structural 
members of a cooling tower produce an 
air pressure drop proportional to their 
number and exposed area and approxi 
mately proportional to the square of the 
air rate The water film flowing over 
the filling and structural parts of con 
ventional designs reported in this paper 
is not of sufficient thickness to cause 
significant additional obstruction to the 
flow of air rherefore, the pressure 
drop due to the water film on these 
parts may be considered independent of 
water rate 

The free falling water in the form of 
drops creates additional obstructions in 
proportion to the number of drops pres 
ent. The number of drops present is 


proportional to the liquid loading L (see 
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Fig. 2. Tower choracteristic, KoV/1, vs. woter-to 
air ratio for deck A ot packed heights of 8, 14, 
20, and 26 ft., with 120° F. hot water 
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Fig. 1. Deck configurations tested. All support 
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dimension vertical. Deck E was tested with slope 
of grids in alternate layers reversed 
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Teble 1.<¥ Table 3.—Valves of B and C in Equation (12) 


Equation (8) Vertical 
deck Vertical 
Deck A n | spacing, Plan solidity free fall 
Deck S, ft. fraction, Bx 10° x 10” 
A 060 42 

070 42 75 250 3.00 34 
092 | 1.00 4.00 34 
58 Cc 1.25 333 3.75 
110 Ms | 2.00 333 6.00 14 
.100 5) | 2.00 404 4.95 60 
G6 104 57 2.00 219 9.13 07 
4 127 Al G 2.00 292 6.85 A 10 
135 57 | H 2.00 550 3.64 75 
103 SA 2.00 456 52 
| j 2.00 292 6.85 10 


es Table 2.—Comparison Between Observed Valves of Tower Characteristic and Valves Calculated from Equation (8) and Table |. 
Air rate G = 1,710 Ib./(hr.)(sq.ft.) Air rate G = 1,140 Ib./(hr.)(sq.ft.) 
Water rate L, Ib./(hr.)(sq.ft.) Water rate L, tb. /(hr.)(sq.ft.) 
Deck N 1000 2,000 3,000 4,000 1,000 2,000 3,000 4,000 
$ A 27 obs. 2.35 1.58 1.24 1.07 1.84 1.23 0.97 0.22 
calc. 2.3) 1.53 1.21 1.02 1.82 1.21 0.96 0.81 
f 6 20 obs. 1.84 1.32 1.05 0.91 1.66 WW 0.83 0.70 
cale. 2.0) 1.34 1.05 0.90 1.58 1.08 0.84 0.73 
c 7 obs. 2.18 1.59 1.23 1.06 1.67 1.21 0.92 0.78 
a cale. 2.22 149 1g 1.01 1.76 Wy 0.95 0.81 
‘a o W obs. 1.76 1.35 1.06 0.89 1.42 1.04 0.80 0.68 
calc. 1 86 1.26 1.01 0.87 1.48 1.01 0.82 0.70 
E W obs. 1.62 1.22 1.00 0.90 1.34 1.02 0.84 074 
calc. 1.63 1.20 1.01 0.89 1.36 1.01 0.85 0.75 
Fr W obs. 1.48 a 0.86 0.72 1.23 0.94 0.73 0.55 
cale. 1.51 1.09 0.90 0.79 1.25 0.90 0.75 0.66 
6 W obs. 1.52 1.16 0.94 0.80 1.27 0.95 0.76 0.61 
calc. 1.62 1.12 0.90 0.78 1.30 0.90 0.73 0.63 
W obs. 1.61 1.3) 0.98 1.56 1.14 0.97 0.85 
1.87 1.37 1.15 1.02 1.56 1.15 0.96 0.85 
obs. 2.00 1.47 1.17 0.%6 1.62 1.20 0.93 0.82 
4 cale. 2.11 1.44 1.16 1.00 169 1.16 0.93 0.81 
4 W obs. 1.45 1.18 0.95 0.8) 1.26 0.92 0.74 0.62 
cale. 1.63 114 0.84 0.61 1.29 0.91 0.74 0.65 


a Note: All observed values are for 120° hot water temperature and 20-41. pocked height. N is the number of decks required to moke 20-ft. 
pocked height. 


Table 4.—Experimental Results of Air Pressure Loss and Values Calculated from Equation (12), in. Water 


Air rate G = 1,710 Ib./(hr.)(sq.ft.) Air rate G = 1,140 
Water rate L, Ib./(hr.)(sq.ft.) Water rate L, Ib./(hr.)(sq-ft.) 

Deck N 0 1000 2,000 3,000 4,000 0 1,000 2,000 3,000 4,000 
27 obs. .280 362 442 528 620 .090 196 258 a 
cole .270 354 522 606 9 181 243 367 
6 20 obs .190 287 369 A44 538 069 131 175 237 
cale. .200 455 540 088 .153 218 348 
c 17 obs. 389 492 588 091 140 206 .267 340 
calc. 199 285 371 57 543 088 153 218 .283 348 
D obs. 128 244 354 452 525 049 128 189 257 318 
cole. 129 227 325 4273 521 .057 134 211 288 365 
obs. 195 280 355 435 535 .080 140 .190 255 310 
cale. 193 275 357 439 521 086 149 212 275 338 
r " obs. 073 177 269 336 416 031 110 159 .220 269 
cole. 064 162 240 318 396 037 101 1605 229 293 
re) " obs. 110 189 293 379 440 061 098 153 .220 287 
” calc, 129 208 287 366 445 .057 120 183 246 309 
W obs. 242 34) 440 555 660 110 171 242 385 
calc. 24) 34) 54) 64) 182 332 407 
i W obs. 153 232 348 409 489 073 122 .183 251 312 
cole. 167 245 323 40! 479 O74 134 254 314 
J W obs. 134 238 .306 379 458 049 116 165 .220 281 
cake. 129 208 267 366 445 057 120 183 246 309 


Note: All observed values are for 20-41. pocked height. N is the number of decks required to make 20-ft. packed height. 
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Figure 5), and to the time required for 
the water to fall through the tower. 
The pressure drop produced by the 
falling water is proportional to the 
square of the relative velociey (v + vp) 
between the air flow, and the water 
drops falling by gravity. 

The total pressure drop for the system 
is the sum of the pressure drops caused 
by the filling and support members and 
that resulting from the falling water 
drops. 

In Fanning equation form: 


6C’Npgl. \/ 2Sp/g(v + vp)? 
293600D p;, 


(9) 


The relative velocity term (v + vp) 
for the falling water drops may be re- 
placed by an equivalent uniform velocity 
vy, which, acting through the same dis- 
tance Sy», produces the same amount of 
work on the air as that done by the fall- 
ing drops. The work done by the falling 
drops is, in differential form, 


dW = Vi pal ‘pA rt v-+ vp)*dSp (10a) 


The work done in terms of vg is 


W y Sp ( 106 ) 


On the assumption that the drag co- 
efficient Cy is and that the 
water fall velocity vy is not appreciably 
different from free fall velocity, gt, so 
that (10a) can 
be integrated and combined with Equa- 
tion (10b) to give 


Up +4/3v 29Sp + 
(10¢) 


constant 


Equation 


= + 4 pg \/ 


+ g(3600pq)*S, 
(11) 


Equation (11) is shown plotted as 
Figure 6 

Considerable convenience in correla- 
tion of test data is obtained by assuming 
that the probable height of free vertical 
fall, S», is proportional to the deck spac- 
ing, S, and inversely proportional to the 
plan solidity fraction, r, of the deck. 
With 0.0675 |b. dry air per cubic 
foot as an average density, the dimen- 
sionless constants B’ and C’ of Equa- 
(9) 
constants to give the air pressure drop 
in inches of water per deck as functions 


tion can be combined with other 


of G, pq, and L with new dimensional 
constants B and C for each deck design. 


AP 0.0675 
N Pa 


0.0675 
+ CV ( (12) 
Pa 
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With the use of the data from the 
present investigation, values of B and ( 
have been calculated and are shown in 


Table 3. 

Table 4 presents a comparison ol 
pressure loss obtained by experiment and 
values calculated from Equation (12). 
The mean deviation between observed 
and calculated pressure drop for the 
forty test points at the higher air rate 
of 1,710 Ib./(hr )(sq.it.) 1s 0.013 in. 
water and represents 3.5% of observed 
values. The mean deviation for the fifty 
test points at 1,140 Ib./(hr.) (sq.ft.) is 
0.020 in. water with the calculated values 
generally higher than the observed val 
It should be noted that the test re 
sults have not been corrected for the dif- 
ference in density within the test cell and 
the manometer lines. This difference 
would produce small but measurable 
corrections to be added to the observed 
pressure drop, especially at the lower 
air rate, 

Deck A is identical to deck B, and 
deck C is identical to deck D except for 
vertical spacing in the 
indicated in Table 3, the values of B and 
C are constant in Equation (12) for 
each deck 
vertical spacing; these values correlate 
the pressure drop for variation of deck 


ues. 


tower. As is 


construction, regardless of 


vertical spacing, water rate, air rate, 
and number of decks. The constant B is 
determined by the geometry and hori 
ontal spacing of the grids for each deck 
design. The constant C i 
splash pattern and drop diameters pro 
duced. The influence of grid geometry 
on B and ( 


study 


a tunction of 


is a ubject of continuing 


Correlation with Field Test Dete 


Field tests on large industrial cooling 
the 
degree of accuracy that can be obtained 
he wet-bulb 
temperature of the air entering the tower 


towers are difficult to obtain with 


in an experimental tower 


varies from moment to moment and 
from place to place around the tower due 
to the variable condition of the atmos 


phere and to recirculation of di charge 
from the itself. It is 
therefore, difficult, in most cases, to de 


vapors tower 
termine the average wet-bulb tempera 


Like 


wise, obtaining air-flow and water-flow 


ture of the air entering the tower 


measurements with accuracy under field 
conditions frequently presents a problem 

Results of field tests on two commer 
cial towers using Deck A are shown in 
Table 5 It will be noted that the 
measured tower characteristic, Kal’ /L, 
and measured static pressure drops are 
in good agreement with values calcu 
lated from tests reported in this paper 

The experimental tower used in this 
investigation has a plen area for air and 
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Table 5.—Compearison of Experimental Tower with Field Tower Tests, Using Deck A 


Tower number .... 
Cell length * width, ft 


Hot water temperature, © F 

Cold water temperature, F 

inlet wet-bulb temperature, F. 
Water loading. L, tb./(hr.jisq.ft.) . 
Air loading, G, tb./(hr.)(sq-ft.) 
Number of deck layers 
Packed height, ft 

Observed KaV/t 

Caleviated KaV/L 

Observed air pressure lou, in. water . 


Caleviated air pressure los, in. water ........ 


(1) Tower tested with fons at one-half normal speed. 


water flow of only 32.6 sq.ft. Compared 
with the industrial towers reported in 
Table 5 
di proportionately 


the experimental tower has a 
large wall 
The inside walls of 


ratio ot 
uriace to plan area 
the experimental tower had devices for 
stripping off the water and returning it 
to the tower packing, These devices may 
have reduced the wall effect in the ex 
perimental tower, thereby effecting the 
good agreement between experimental 
aml field tests in spite of the large dif 
lerence in size of equipment 

The total air pressure drop through a 
cooling tower is the sum of the pressure 
drop through the air inlet louvers, the 


packed height, and the drift eliminators 


Information from which louver and 
eliminator pressure losses may be pre 
dicted from their weometry are to be 


found in the literature (2, 3) 


Summary 

The heat transfer and pressure drop 
characteristics of representative splash- 
grid type cooling-tower packings have 


been reported from tests conducted in a 


six-foot square experimental counter- 
The factors influencing the 


Kal’ 


water-to-a 


flow tower 
value of the tower characteristic 
] were found to be the 
ratio, the packed height, the deck geom 
etry and, to a very small extent, the hot 


water temperature, The tower chara 


given 
was found to be independent of wet 


feristic at a water-to-air ratio 
bulb temperature and air loading, within 
the limits of air loading used in com 
mercial cooling tower The end effects 
were found to be of a small order ot 
magnitude 

The air pressure loss was found to be 


influenced by the air velocity, the num 
ber of decks, the deck geometry, the li 
quid loading, and a theoretical relative 
velocity between the air and the falling 
water 

Simplified expressions for the per 
formance and pressure drop character- 
istics of the decks tested have been pre 
sented as a starting point for generalized 


correlations covering all types of com 
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1 2 3 
30 42 36 60 x 48 
9246 105.2 80.4 
78.0 68.5 70.7 
744 648 50.2 
1,104 1,296 2,250 
1,370 474(1) 1970 
35 43 35 
26 32 26 
266 1.53 1.33 
2.56 1.46 1.39 
0.312 0.160 0.293 
one 0.326 0.118 0.311 


mercial counterflow and crossflow high 
voidage cooling-tower packings 

Field tests 
well with the experimental 
The 


sented can be expected, therefore, to pre 


were found to correlate 
reasonably 
tower result correlations pre 
dict performance of field cooling towers 


with reasonable accuracy 
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Notation 
A constant in Equation (8) 
A, frontal (plan) area of falling water 
drops, sq.ft 
o area of transfer surface per unit of 
tower volume, sq.ft. /cu.ft 
8,C constants in Equation (12), dimen 
sional 
oi constants in Equat (9), di 
less 
Cy drag coefficient for falling water 


drops, dimensionless 
¢, specific heat of liquid woter, B.t.u 
(tb.)(° F.) 
humid heat of air, F.) 
D mean water drop diameter, ft 
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management 


IN THE PROCESS INDUSTRIES? 


he question of the availability of in 

vestment capital in the chemical proc 
ess industries depends first, on the nature 
of the project and second, on the philo 
ophy of the particular management re 
garding financing 

From the viewpoint of the investment 
banker, it 


alw “ays bn 


may he inl that capital can 


found for a soundly 


with 


almost 
reason 
But in 


way we 


conceived project 
able 


answering the question in 


investment 
this 


return on 


are saying that if management | willing 
to use outside financing, then capital can 
be made available for good project 

Yet capital can be extremely tight for 
those 
dependent on internally generated fund 
there 


secking those funds 


companies which are completely 


particularly if are a number of 


good project 


internally Generated Capital 


Among the various sources of capital 


internally generated capital is, of course 
of primary importance. It consists, u 
general, of depreciation and amortizati 
plu alter payment 
preferred and common dividend De 


for the 


retained earning 


prec iation provides return invest 


ment over the expected useful lifetime of 


fixed assets In the chemical industry 


ce preciation ¢ harge yenerally average 


cent a year on the 
whicl 


around even 
total 
uggests a 
mately 15 


per 
investment 


life oft 


equipment 
useful approx! 


During the 


yranted 


reat 


emergency the ernment 
Certificates of lecessity which 
tor 

the 


per varying 


the amortization of 


total cost 


vided 
overt 


about 45 t 


tion of 
trom 
per cent, deper dent on how critical the 
project was to the Government Under 
these Nece ity it Wa 


yossible to rec: ipital 


Certificates of 


ver the or iginal 


much more rapidly than if only normal 
depreciation wa used: thus industry wa 


encouraged to expand. Under the new 


tax law passed in 1954 there are two 
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methods of figuring depreciation—sun 


of-the digits and declining balance 


either ol whi h is cle pe rmit more 
rapid recovery of capital than under the 
Although both 


of handli 


straight-line method 
thes« 
tion will 
than the 


will be 


new method deprecia 
maller reported earnings 


flow 


how 


method ca hy 


result of the 


tr sight line 
increased as a tax 


progt am 


heavier the capital ex 


the 


aving 


penditure larger will he 


the «ce preciation charges 
The 


financed « xpansion out of t 


usuall 
fund 


chemical industry ha 
owt 
except in time vhen abnormally high 
capital expenditure ire om 
Thus, the 
following World 
in the Koreas 


chemical cor pari 


levels ot 
period immed 
Wat andl 


most 


dicated 


ately 


emerrvency 


of the major were 
forced to turn to outside capital to help 
thei 


hinance expan 


Outside Capital 
When a 


capital there are 


look 
three types of 


company 
ecuri 
toch 


debt 


ti which it can common 


tock or 


pre d 


DEBT FINANCING 


why 
ng debt 
Te 


There are several reason many 


chemical companies have been u 


vherevert po ble ton 


deduc tible 


hinancing 
debt 
taxe 
tock are 


after 


expense before 
preferred 
iilable 


gives 


whereas dividends or 
paid from earnings av 


debt 
tock 


The use of 
to the 


taxe 
lever common 
As an example, assume a chemical com 
pany is now earmng $1,000,000 
1,000,000 shares of common stock 
ing This has a 
which will require an 
$10,000,000 and 


tment betore 


and has 
outstand 


new project 


mivestment of 
return of 20% 


interest amd 


company 
will gwive a 
on this nve taxe 
The 
happens to 
were 
which meth ot 

It is apparent 


figures in Table 1 illustrate what 
earnings per 

$1.00 a share 


that 


share whicl 


init 


earnings are largest 
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Table 1.—Alternatives in Financing: Common Stocks, Preferred Stocks, and Debt 


Cose 1 


Raise capital 
by selling com- 
mon stock 
which is cur- 
rently valued 
by the market 
ot 10 times 
earnings oF 


$10 a share. 
Operating Profit $2,000,000 
(from new project) 
Interest 
Pre-Tax Earnings $2,000,000 


Toxes at 50% 


$1,000,000 
Present Earnings .. 1,000 000 
$2,000,000 

Preferred Dividends . 
Balance $2,000,000 
No. Common Shores Ouvt- 

2,000,000 
Earnings a share eee $1.00 


"When the preferred stock is converted, the $2,000,000 earnings would be equivalent to $1.39 o 


share on the 1,435,000 shores outstanding. 


on a per share basis if debt financing is 
used, They are smallest if common stock 
is sold, especially if the stock is valued at 
only ten times earnings by the market 
In fact, under such conditions the earnings 
which were $1.00 a share before the new 
project was undertaken are still $1.00 a 
share after the new project. This illustrates 
how the market valuation of a company 
actually can affect its financing 


The higher the market appraises a 
company’s earnings the less common 
stock need be sold to raise a definite 
amount of capital. The top chemical 
companies are currently being valued by 
the stock market at 20 to 25 times earn- 
ings. This relatively high price-to-earn- 
ings ratio compared with other industrial 
stocks reflects the outstanding growth 
records of chemical companies as well 
as the investors’ expectation that future 
performances will be as good as the past 
ones. The price-earnings ratio reflects 
to a major degree the investors’ under- 
standing of a company's operations and 
the degree of confidence he has in the 
ability of the company and its manage- 
ment, 

The principal objection to the use of 
debt financing is, of course, the fact that 
these borrowings must ultimately be re- 
paid. In times of severe adversity, 
common and even preferred dividends do 
not have to be paid but a company can- 
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Case 2 Case 3 Coase 4 
Raise capital Raise capital Raise capital 
by selling com- by selling 4% _— by selling debt 
mon stock convertible at 4% interest. 
which is cur- preferred. Av 
rently valued sme stock 
by the market selling at 20 
at 20 times and must sell 
earnings of 100,000 shares 
$20 ao shore. of $10 par 

preferred con- 
vertible into 
common at 23 
or into 435,000 
shares of com- 
mon. 
$2,000,000 $2,000,000 $2,000,000 
400,000 
$2,000,000 $2,000,000 $1,600,000 


$1,000,000 
1,000,000 1,000,000 1,000,000 
$2,000,000 $2,000,000 $1,800,000 
400,000 
$2,000,000 $1,600,000 $1,800,000 
1,500,000 1,000,000 1,000,000 
$1.33 $1.60" $1.80 


not fail to meet a debt obligation and 
still remain solvent. 

The rate of return on investment of 
the proposed project is a very important 
factor in determining what kind of 
financing should be used. Thus, with a 
project soundly conceived from the 
standpoint of raw materials, potential 
markets, etc., which has a relatively low 
rate of return, it is desirable from the 
standpoint of the stockholders to use as 
much debt financing as possible. At the 
same time the element of risk is also an 
such con- 
siderations as the stability of the product 
and the industries it will serve; the like- 


important point to consider 


lihood of process obsolescence ; and the 
possibilities of replacement by other 
products. Since debt must be repaid, the 
more risk there is in the project the 
more equity financing is indicated. 


PREFERRED STOCKS 


Straight preferred stocks are not 
widely used by chemical companies, the 
principal objection being the aforemen- 
tioned tax consideration since preferred 
dividends are payable from earnings 
available after taxes. However, several 
chemical companies have raised capital 
by selling convertible preferred stocks. 


Chemical Engineering Progress 


From the company’s viewpoint this type 
of issue is an excellent way of selling 
common stock at a premium. These pre- 
ferreds are usually convertible into com- 
mon stock at 10-20 per cent over the 
market at the time of issue for a period 
of 10 years. 


In the example in Table 1, with the 
common stock selling at 20 the company 
had to sell 500,000 shares to raise the re- 
quired $10,000,000. The same amount of 
capital might also be raised by selling 
100,000 shares of $100 par preferred, con- 
vertible into common stock at 23. This 
would actually mean that 435,000 additional 
shares of common stock would ultimately 
be outstanding rather than the 500,000 
shares, if common stock is sold. Thus by 
selling the convertible preferred the man- 
agement raised its capital with less dilution 
to the common stockholder. These convert- 
ible preferred issues appeal to investors be- 
cause they carry a fixed income rate and at 
the same time hold out the expectation of 
future capital gain 


COMMON STOCKS 


Common stock is usually the most ex- 
pensive form of outside financing for 
the company. It results in an increase 
in the number of shares of common 
stock outstanding, which usually means 
that earnings per share will decline 
somewhat until the new projects for 
which the financing was done are com- 
pleted. On the other hand, sale of com- 
mon stock is the most conservative way 
of raising capital since it does not carry 
any firm obligations as to the amount 
of dividends which must be paid. 


Financing Methods Compared 


The financing methods of several 
major process industries offer interest- 
ing comparisons. Table 2 shows the 
capital structures of the larger com 
panies in the chemical, petroleum, and 
natural gas industries as of December 
31, 1955 


Petroleum Companies 


The capital structures of the petroleum 
companies closely resemble those of the 
chemical companies, although the petro- 
leum companies generally have slightly 
lower percentages of debt. Cash avail- 
able after dividends is substantially 
greater for petroleum companies than 
for most of the chemical companies, a 
reflection of the lower tax rate, due to 
the percentage depletion allowance. The 
oil companies require substantial quan- 
tities of capital to support their neces- 
sarily heavy drilling programs, but the 
degree of risk inherent in oil explora- 
tion makes it unwise to use debt capital 
for that purpose. It would seem quite 
realistic, however, to borrow money to 
finance expansion of refining facilities if 
additional capital is needed. 


July, 1956 


1,000,000 1,000 000 1.000.000 800,000 


management 


or: 
Notural Gas Tr issi Comp 


The capital structures of the natural 
gas transmission companies are quite 
different from those of chemical and oil 


companies. Debt is relatively high, rang- 
ing upward to 75 per cent,-but these com- 
panies can support a high debt because 
they are public utilities and as such are 
part of a regulated industry. Since 
amount of profit they can make is con- 
trolled by the Federal Power Commis- 
sion, profit levels can be expected to be 
stable in good times and bad. Thus, the 
element of risk has been reduced and 
it is relatively easy to secure substantial 
debt financing. Suitable arrangements 
are usually made with future customers 
who contract to take enough of the gas 
on a firm basis to provide funds for the 
interest payments and sinking fund pay- 
ments on the debt. The cash available 
after payment of common and preferred 
stock dividends and provision for sink- 
ing fund payments is relatively small 
compared with chemical companies since 
regulation keeps profits down; hence it 
is virtually impossible for a natural gas 
pipe line to embark on any major exten- 
sion of its pipe line without resorting to 
outside financing. As might be expected, 
the financing of a gas pipe line is also 
tied directly to the life of the reserves. 


P 


Looking more closely at the major 
chemical companies, one finds wide dif- 
ferences in the handling of capital re- 
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Comment Serpies 


Chart showing capital structures of chemical, petroleum, and natural gas companies on a percentage basis 


@s of Dec. 31, 1955 


Dollars (000,000) 


Debt Preferred 

CHEMICAL 
Allied .. 2000 
American Cyanamid 948 $ 504 
Dow (Fiscal Yr. May 31, 1955) 242.0 
du Pont ; 238.9 
Hercules 87 
Monsanto 154.5 
Olin Mathieson 199.46 2719 
Union Carbide 4100 

Total $1,300.9 $319.9 
PETROLEUM 
Gulf $ 175.5 
Phillips ....... 118.9 
Shell 201.5 
248.7 
Secony Mobil ... 181.0 
Stand. Oil Calif. 784 
Stand. Oil Ind. .. ‘ 391.2 
Stand. Oil N. J. . 557.9 
209.0 

Totol $2,162.3 
NATURAL GAS 
American Natural” . $ 2994 $ 08 
Columbia Gos" ... 330.0 - 
El Paso Natural” ... 365.1 764 
Northern Natural 177.5 294 
Pan Handle Eastern® 133.1 12.1 
Peoples Gas" 222.6 15 
Tennessee Gas" 499.8 976 
Transcontinental" 215.4 42.5 
Texas Eastern’ .. 2949 552 
United Gas" ..... 335.3 - 

Total $2873.3 $325.7 
"Book valve. * Integrated "lr pani 


Common’ 


& Surplus 


$ 4033 
279.4 
316.4 

1,732.1 
915 
344.7 
321.7 
7329 


$ 4,222.0 


$ 1,528.5 
901.1 
e149 
829.0 

1,845.1 
1,527.2 
1,701.1 
4680.2 
1676.7 


$15,503.8 


$ 1628 
263.3 
128.6 
108.4" 

"9 
191.2" 
166.4 

50.7 
105.3" 
238.5* 


1487.1 


Table 2.—Capital Structures of Chemical, Petroleum & Neturel Gas Companies 


Total 


6033 
4246 
558.4 

1,971.0 
100.2 
499.2 
543.2 

1,142.9 


58428 


1,704.0 
1,020.0 
1016.4 
1077.7 
2,026.1 
16058 
2092.3 
5,238.1 
1,685.7 


$17,666. 


$ 4632 
593.3 
570.1 
3155 
217.1 
425.3 
763.8 
3084 
455.4 
57348 


$ 4486.1 


* includes minority interest 


| 4 


quirements. The absence of any long 
term debt on the Du Pont balance sheet 
might suggest that it is unnecessary to 
use debt financing since the company’s 
growth record has been good, The Union 
(Carbide balance sheet, however, shows 
$410 debt 


record has also been good 


and its growth 
And 
Chemical's debt represents nearly 44% 
of its total capitalization in 1955. Du 


Pont has a relatively large issue of pre 


million of 
Dow 


ferred stock (without sinking fund 
had 


preferred stock and Dow recently retired 


pro 


visions). Carbide has never any 


a comparatively small preferred stock 
these 
strong growth rate 


The one point in commen with 


three companies has been their 


everal years Du Pont has been 
Capital 


For 
building up its cash position, 
expenditures since 1950 have averaged 
$127.5 million a year 
for expansion (the sum of depreciation 
alter 
ferred and common div idend 
$172.3 


invested 


but cash available 


and net earnings taxes and pre 
) has aver 
addition, Du 
Pont million in 1,000,000 
shares of General Motors stock ¢ 
plit 3 for 1 in 1955) 
when at company doe not even spend all 
the 


there | 


million In 
$75 


aged 


ubse 
quently Obviously 
internally generated cash available 
no need to go to the outside for 
capital, This suggests that lack of capi 
tal is but that 
Du Pont is finding it increasingly more 


not the limiting factor 
difficult to develop projects which meet 


management's high return-on-invest 
The decision to invest 


Motors stock 


everal chemical projects 


ment objectives 
$75 


rather 


million in General 
than in 
further strengthens this observation. 
On the other 


and Dow, a 


hand, Union Carbide 
well as many other chemi 
cal companies, found it impossible to 
finance the many plants required under 
the Korean “guns and butter” program 
entirely through internally generated 
funds, After stock 


dividends, Carbide’s cash available for 


paying its common 
expansion averaged $63.4 million over 
the five-year period 1946 through 1950 
If capital expenditures had been limited 
to this amount, Carbide would certainly 
not be a billion dollar company today, 
but by borrowing $300 million from sev 
Carbide 


eral was 


able to support a capital expenditure 


insurance companies 
program averaging $127 million in the 
1951 1955 
Since much of this expansion was cov 
Necessity per 


five-year period through 


ered by Certificates of 
mitting amortization of a substantial 
portion of the plant over a 
period (instead of the 
10 to 15 years), Carbide's total deprecia 
tion charges have been increasing quite 
rotal plus net 
earnings after 


$247 million 


five-year 


more normal 


depres lation 
taxes in 1955 
After 


rapidly. 
approxi 


mated deduction 
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stock 
million 


million common 
$160 
expansion in 
that insuffi 
available to Carbick 
the 
has 


$87.2 


Carbide 


of the 
dividends, has 
available for 
1956 It is 
cient capital was 
oat 
mendous 


capital 
apparent 


tre 
taken 
management 


wanted to share in 
expansion which 


1950. When 


was faced with the necessity of rejecting 


place since 
sound and profitable projects because of 
the lack of sufficient internally generated 
funds, it turned to outside capital. Again 
it has been demonstrated that capital is 
not the limiting factor 
Dow is perhaps the outstanding ex 
ample among the larger chemical com 
panies of a management which will find 
the capital necessary to expand rapidly 
Dow has 
than 


Companies, 


In relation to its size, spent 


substantially any of 
the 
much of it obtained through debt finance 
ing. Many 
customed to 30-35 per cent debt ratios 


more money 


other large chemical 


institutional imvestor ac 


in industrial companies, became alarmed 
1) per cent 


evet al 


when Dow's debt rose overt 


and remained there for years 


Yet the 


wemed 


risk was not as great as it 


context with 
the 


stances under which the expansion was 


when studied in 


world-wide conditions and circum 


conducted 
Table 3 compares the Dow results in 
its fiseal year ending May 31, 1950, just 


hefore the Korean War, with the year 
ending May 31, 1955 


In these five years Dow's capital ex 
penditure totaled approximately $438 
million. Projects covered by Certificates 
of Necessity totaled approximately S308 
million of which 52 per cent or $160,000,000 
could be written off in five years. To 
finance this expension program, Dow 
a considerable amount of outside financing 


used 


(1) $90,000,000 was borrowed from two 
insurance companies at 3.25 per cent 
in 1951 
$50,000,000 revolving credit was set 
up with a number of banks in 1951 
In July, 1952, Dow sold $100,000,000 
of 3 per cent subordinated convert 
ible debentures to the public. At the 
time of the sale the common stock 
was selling at around 39 and the 
debentures were convertible at 50 
Common stock was sold cach year 
to employees at prices under the 
market; this raised approximately 
$11.2 million 

stock 

this 


to stock 
$23.8 


sold 
roughly 


was 
raised 


Common 
holders ; 
million 


In the last two years, capital expendi 
heen at a lower level than in 
the three years immediately after Korea. 
At the same time, cash has been building 
up due to increased depreciation and amor 
tization charges. As a result Dow has heen 
able to retire some of its senior securities 


tures have 


(1) The preferred stock was called at 
of $32,500,000 in October, 


$62.5 


a coat 

1954 
(2) In June, 1955, Dow retired 

million of its long-term debt 
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(3) $100 million of bank loans have been 
retired 


Over the next few years Dow is ex- 
pected to generate around $100 million 
a year which will be available for 
expansion or repayment of debt. 
years ago this figure was only 
slightly over $40 million. In this 5-year 
period Dow has built nearly $440 million 
of new plants and, because they were 
Ne essity, 
nearly 40 per cent of these new plants 
In- 


cluded is extensive expansion in chlor- 


Five 


covered by Certificate of 


will soon be completely written off 


ine and caustic soda, ethylene, power 
plants, water treatment units, and other 
basic facilities which are generally low 
return-on-investment items 

An interesting example of a change 
in management philosophy is Allied 
Chemical. Prior to World War II Al 
lied had a greater sales volume than did 
Allied did not 
in the 
try and consequently fell behind in its 


Union Carbide. However, 


expand as rapidly as others indu 


relative position in the industry. Capital 
expenditures were limited to internally 
generated funds and these were very 
small in relation to the size of the com 
pany. However, with a change in man 
agement there was a change in financial 
policy. In 1952 Allied borrowed $50 mil 
lion from the banks and in 1953 sold $200 
million of kk ng-term debt to the public 
As was the with Union ¢ 
Dow, many of the Allied 


covered by Certificates of 


case irbide 
projec t 
Neces 


and 


and 
were 
sity Consequently depreciation 
amortization charges, which were only 
$14.3 million in 1950, were $46.0 million 
Retained earnings after 
ment ot stock 


amounted to $24.8 million in 


in 1955 pay 
dividends 


1955. Al- 


common 


lied can now finance a capital ‘ xpendi 
ture program amounting to $70 million 
a year without requiring additional out 
side capital, whereas in 1950 the cash 
available for expansion amounted to only 


$32.8 million 


The Smaller Compeny 


It is apparent that the larger chemical 
companies have the ability to raise sub 
stantial amounts of outside capital when 
ever internally generated funds are in- 
sufficient for the hand 
Smaller chemical 


projec ts on 


companies are also 
able to raise relatively large amounts of 
capital but they do not have the same 
amount of choice as to type of security 
sold as do the larger companies. Finan- 
cial problems are particularly acute for 
a very small which wants to 
undertake a sizable project 


small 


company 


Raising capital for chemical 
companies usually presents some inter- 
esting challenges which can probably be 


best illustrated by a case history 


July, 1956 


Northern Chemical Industries 
founded in 1943 by 
to make 
phate at Searsport, Maine, In 


ammonium sulfate plant was added and 


was 

Summers Fertilizer 
acid and superphos 
1950 an 


sulfurix 


in 1953 the company built an alum plant 
to supply pulp and paper companies in 
M Lite 
its fiscal year ending July 31, 1954, sales 


and the Maritime Provinces. In 


amounted to $1,373,000 and net earnings 
were $95,000 

earnings after 
amounted to $95,000 


Depreciation and retained 
payment of dividends 
The balance sheet 

to be $926,000 and 

there was no long term debt outstand 


ing 


showed net worth 


Searsport is roughly 625 miles from 
Hopewell, Virginia, the nearest source 
of anhydrous ammonia and nitrogen so- 
lutions and the freight rate was $26.30 
a ton which made the delivered price 
$114.30 a ton. In addition to the rela 
tively high delivered price, adequate 
quantities of ammonia could not always 
be obtained, particularly at the height of 
the fertilizer season 

In view of this, it is not surprising 
that the Northern Chemical 
management considered building an am 
Most of its 
to fertilizer companies which would wel- 
The 
paper companies which were now buy 
ing NCI alum would also be interested 
in a closer source of ammonia to avoid 
Natural 
n Searsport and 
No 


was 


Industries 


mona plant sales went 


come a closer source of ammonia. 


the substantial freight charges 
not 
would be 


gas is available 


too expensive anyway 


by-product source of hydrogen 


available. It was not until development 
ot the Texaco oxidation process which 
that it 


make 


could use oil as a raw material 


became economically feasible to 


ammonia at Searsport 

Ammonia is a typical heavy chemical 
relatively 
averaging 
but 
low 


in that return on investment i 


low. Profit on sales is high 


around 35 per cent hetore taxes, 
sales per dollar of investment 
roughly 45 cents. Capital costs are high 
as it is impossible to build a small am 
After a long period of m 
decided to build a 


125 ton/day ammonia plant, a 60 


monia plant 

vestigation it was 
ton 
day nitric acid plant, and a nitrogen solu 
tions plant. Because suitable arrange 
ments could not be made with the local 
NCI also had to build it 
The total cost of these 


and 


public utility 
own power plant 
facilities including working capital 


start-up expenses was estimated at 


$8,565,000 


available 


Internally generated funds 


for expansion was only ap 


proximately $100,000 a year and the 
cash position was sufficient only for its 
existing business. As a result all of 
the $8,600,000 would have to be 


by outside financing 


raised 
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Teble 3.—Dow Chemical Co.—Comperison of Two Fiscal Years 


May 3}, 


Sales 
Depreciation and amortization 
Net earnings after taxes 
Tox rate 
Cash available for expansion 
Gross plont 
Invested capital 
% Debt 
% Preferred 
% Common and Surplus 


$220,830,000 
20,300,000 
33,813,000 
36.6% 
41,934,000 
289,504,000 
27 | 471,000 
22.2 
16.5 
613 


1955 % Increase 


1950 May 31 


$470,742,000 113 
73,462,000 261 
37,414,000 10 

49.0% 
87,915,000 

686,912,000 

494,306,000 


109 
138 


62.1 


‘As of September 15, 1955 to reflect repayment of debt 


It would have been quite simple tor 
NCI management to reject the project 
on the grounds that capital was “tight 
Yet this was a sound project and inte 
into the NCI 


was 


grated extremely well 


Hence the decision 


operations 
made to seek outside capital even though 
it meant a certain amount of dilution to 
the original stockholders 

Raising the capital for this project 
was a bigger hurdle than it would have 
been for a larger company. The man 
agement had been in the business tor a 
number of years and had a good reputa 
tion in the industry, Still the 
was so large it was almost like 
Exhaustive engineer 
required 


project 
tarting 
a new 
ing and market 
not only by the company but by inde 


Potential 


company 
reports were 


pendent investors 
a much more thorough investiga 


generally done when a large 


experts. 
made 
tion than 1 
established company wartits to raise some 
capital 

It was clear that a substantial amount 
of the required capital would have to be 
raised through debt or the project would 
tockholder 
had 


sizable amount 


not be attractive to the 


Certificate of Necessity 


ither 


Since a 
heen obtamed, a 
generated each year 


of cash could be 


vhich would permit a fairly rapid re 
the debt The 


which could be 


payment ol amount ot 


debt placed Wel 


debt 


restricted, but a package of junior 
tock 


a mechanism whe 


stockholders a 


could be sold. In 
the 


and common 
ettect 


prospective 


this 1s eby 


ulive ome 


f the debt obligations in return for the 

pportunity of making substantial capi 

tal gains 

totaling $3,500,000 wa 
$1500000 of 4 

with two bank 


first 


debt 
placed privately 


Senor 
pel 
note 


4), 


cent first mortgage 


and $2,000,000 of per cent 
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mortgage notes with an insurance com 
the trength ot 
the 


ted 


pany Since financial 
NCI was imsufhcient to 
repayment of debt, the 


that NCI sign a contract with Summers 


guarantes 


lenders m 


Fertilizer which would assure suthcrent 
profits to earn the depreciation and thus 
generate sufficient tunds to retire the 
debt 

An 


by selling unit 


additional $5,600,000 was raised 
each consisting of $1,000 
debentures 
tock at a 


debentur« 


544 per cent subordinated 
common 


by themselves would attract only a lim 


and 20 shares of 


price of $6.00 a share 


ited amount of mvestor mterest since 


they repre ented fixed Mcone ecurities 
of a small company undertaking a large 
was 


project yet to be constructed It 


to include a certain 
tock so that m ad 


immediate 


therefore nece ary 


amount of common 
dition to an return on his 
investment resulting from the relatively 
high rate of interest on the debenture 
look to the 


attractive 


the investor could forward 


po ibility of rather capital 


gains as well as ultimate return of capi 


tal through the sinking fund payments 


Numerous other examples could be 


ipparent lack of 


the 


cited to prove that the 
tricthon tor 
hould not be 

tivht.” At 
that 


capital need not he ire 
good project \ project 


rejected because capital 


the same time it understancdalle 
management should reject a project be 
oftet 


use of capital 


return 
log 
which do not wish 
find that 
uff 
approval of only 


cause it does not 
to justify the 
ically those 


out 


ComMpanive 
to use ule f i ing may 
internally ites turd ire 
cent to permit the 


high-return-on-investment projects 


Presented af Aj.Ch.E. meeting, los Angeles, 
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poe countercurrent adsorption 
can be a valuable supplement to con 
ventional and is 
particularly applicable to many of the 
more difficult separations encountered in 
industry. The general category of ad- 
sorption applications includes separation 
of difficultly condensable gases, recovery 
and concentration of fluids present in 
small concentrations, and separation of 
close boiling materials. Use of solid ad- 


separation processes 


sorbents for such separations on a com- 
mercial scale has been limited in the past 
because of the difficulty in obtaining 
continuous countercurrent contacting of 
solids and fluid mixtures. The develop- 
ment of the Hypersorption process (7), 
which utilizes a compact moving bed of 
adsorbent for continuous countercurrent 
gas-solids contacting, represented a ma 
jor advance in the use of solid adsorb 
ents. It was considered that the fluid 
ized-solids technique should likewise be 
adaptable to adsorptive-gas separations 
with its simple solids-handling features 
and its outstanding ability to transfer 
heat efficiently. 


Pilot Plant Studies 


Application of the fluidized-solids 
technique to a continuous gas-adsorption 


* Esso Loboratories, Esso Research and Engi- 
neering Company, Linden, New Jersey. 

t Esso Research Laboratories, Esso Standard 
Oil Company, Baton Rouge, Lovisiana. 
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adsorption column. 


process represented a considerable de- 
parture from normal fluidized-solids 
operations such as catalytic cracking 
(2) and fluid hydroforming (3). These 
two processes were developed around the 
use of a single, large fluidized bed of 
catalyst wherein complete solids mixing 
was desired in order to insure isothermal 
conditions and the maximum transfer of 
heat. In the application of the fluidized- 
solids technique to an adsorption proc- 
ess, it was necessary to obtain stagewise 
contacting of gas and adsorbent in a 
plurality of beds arranged as in a con- 
ventional bubble-cap tower. This opera- 
tion would extend further the liken- 
ing of fluidized solids to true fluids. 

In line with these general ideas, the 
pilot plant work on the Fluid Adsorp- 
tion process had two principal objectives 
—namely, (a) development and demon- 
stration of countercurrent staging of gas 
and solid adsorbent in a type of bubble- 
cap tower, and (b) the demonstration of 
satisfactory separation efficiencies within 
the adsorption tower on typical activated 
chars and gas feeds. The work on the 
fluidized-solids problems will be dis- 
cussed first, and details of the pilot plant 
and the separation studies will be treated 
in subsequent sections. 


BUBBLE-CAP TOWER FOR FLUIDIZED SOLIDS 


The fiow of solids in a bubble-cap 
tower was studied first in a 12-in. diam. 
glass tower in which the plates, weirs, 
and downcomers, which were of carbon 
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Fig. 2. Rectangular section of bubble-cop tower. 


Esso Laboratories have developed a continuous process for 
adsorptive separation of gases based on the flvidized- 
solids technique. Finely divided activated charcoal is han- 
died as a fluidized solid in a multistage, bubble-plate 
The operation is in many respects 
closely analogous to that of a reboiled oil absorber and 
has been designated the Fluid Char Adsorption Process 
(F.C.A.). The pilot plant development of the process and 
the commercial designs and applications are discussed. 


Lewis D. Etherington,* Robert J. Fritz,t 
Edward W. Nicholson+ and Harold W. Scheeline * 


a new fluid-solids development for difficult gas separations: 
FLUID CHAR ADSORPTION 


PROCESS 


steel, could be changed rather simply. 
The glass tower consisted merely of 
three plates and the simplest auxiliary 
equipment for circulating the solids. 
White cracking catalyst was used at 
first to aid in the visual observation of 
the solids flow. The plate spacing was 
maintained constant in these studies. 
The tower internals were changed, how- 
ever, as the studies progressed. 

The bubble-cap plates and down- 
comers in the first tower design were 
identical with those of a conventional 
fractionator. Initial runs with this 
tower resulted in rather low solids 
throughputs. The stability and smooth- 
ness of the plate operation, however, 
were encouraging. The allowable solids 
flow rate was gradually increased as 
various mechanical improvements were 
made on the tower internals The volu- 
metric solids rates through the tower 
that were reached in the final design 
were, in fact, higher than the correspond- 
ing liquid rates normally used in con- 
ventional distillation towers. The vapor 
rates obtainable in the 12-in. tower 
were in the normal fluidization range, 
and the entrainment of solids from one 
tray to the next was not serious even 
at the higher vapor rates. A sketch of 
this design is given in Figure 1. 


SOLIDS BEHAVIOR IN 12-IN. 
ADSORPTION TOWER 


The tower design which was devel- 
oped from the glass-column studies was 
used virtually unchanged in the Fluid 
Adsorption pilot plant. 

The tower was constructed of carbon 
steel and was operated on a hydrocar- 


bon gas with the use of fluidized char 
from a petroleum source. Initially, 
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placed on all the 
adsorber plates to give some idea of 
Stage performance now that no visual 
means of observation was possible. 
These manometers were used to meas- 
ure the solids levels on the plates and 
the pressure drop across each stage. 
All the plates behaved in fairly uniform 
fashion, and soon it was found that one 
differential pressure recorder across the 
whole tower gave sufficient indication 
of the tower performance Smooth 
operation was easy to maintain within 
the tower, and runs of a month’s dura- 
tion were obtained at process conditions. 


manometers were 


COMMERCIAL PLATE DESIGN 


The 12-in. pilot plant tower did not 
provide all the design information neces- 
sary for a full-scale tower. For example, 
it was desired to investigate the effect 
of longer solids flow paths on plate 
operation, and to explore further the 
limits of solids and gas rates. 


In order to investigate these condi- 
tions, a rectangular section of a full- 
scale plate was constructed. The 
rectangular section was 10 in. wide and 
5 f. from downcomer to weir. The 
tower was constructed of Plexiglas, 
again to permit visual observation, and, 
where necessary, was reinforced with 
steel. The tower contained two bubble 
plates, the lower plate being equipped 
with l-in. tubes on representative ex- 
changer spacings as shown in Figure 2. 


Commercially attractive solids and gas 
rates in continuous countercurrent flow 
were eventually demonstrated in the 
long, rectangular plate section. One 
problem that had to be solved was un- 
even gas distribution over the plate, an 
effect due to a hydraulic gradient in the 
fluidized-solids bed. It was found that 
this difficulty could be overcome by suit- 
able sizing and spacing of the caps. 

Some difficulty was encountered in 
maintaining downcomer low 
solids rates and high gas velocity. How- 
ever, the whole plate was active and 


seals at 


good stability was indicated over prac- 
tically the whole range of gas and solids 
rates studied. This performance indi- 
cated a high degree of flexibility for 
fluidized-solids operations in large diam- 
eter bubble towers. 


PILOT UNIT FOR PROCESS STUDIES 


The basic philosophy used in the de- 
sign of the Fluid Adsorption pilot plant 
was to provide a minimum size tower, 
but one large enough to give separation 
efficiencies reasonably representative of 
what could be expected in commercial 
equipment. In a review of the plate de- 
sign developed for the glass tower, it 
was considered desirable not to reduce 
the adsorber size below 12-in. diam. 
This tower size dictated a rather large 
pilot plant from the standpoints of feed- 
gas and char-circulation rates. The ad- 
sorber contained six plates of substan- 
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tially the same design developed during 
the glass-tower studies. 


The Fluid Adsorption pilot plant was 
designed to recover Cy and Cs hydro 
from a residue gas 
A typical feed composition is 


shown in Table 1. 


carbons refinery 


stream 


A schematic diagram of the pilot unit 
is given in Figure 3. The feed stream 
is admitted at about the middle of the 
six-plate tower, and the circulating chat 
at the top. Heavier components of the 
feed gas are selectively adsorbed and 
carried down the tower into a desorber. 
The char is heated to about 500° F 
contacted with steam to release the ad 
sorbed hydrocarbons. Part of the de- 
sorbed hydrocarbons is dried and 
turned to the bottom or rectification sec- 
tion of the adsorber as “reboil” or reflux. 
vapor to aid in concentrating the heavier 
hydrocarbons. The remainder of the 
desorbed hydrocarbons is withdrawn as 
bottoms product. The lighter compo 
nents (Hy, Ng, CO, and methane) go 
up the tower and are taken off as the 
(It should be noted 
that the withdrawal of sidestreams can 
Fluid 


flows 


and 


re- 


overhead product 


be readily accomplished in the 
Adsorption process.) The 
from the desorber into a stripper or de- 
hydrator where the steam is stripped 
from the char by a small recycle portion 
of the product. The char 
leaves the stripper and is picked up by 
a recycle portion of the tower overhead 
The char is 


char 


overhead 


which serves as lift gas. 
cooled to about 120° F. 
is carried to the heads tank at the top 
of the adsorption tower; thus the cycle 
of the char flow The 
absorber-desorber quite 


in a cooler, and 


is completed. 
operation 158 
analogous to that of reboiled absorbers 
and fractionation columns. 

A high-temperature reactivator was 
provided for deactivated 
char; a small portion of the circulating 
char could be withdrawn from the heads 
tank, passed to the reactivator, cooled 


regenerating 


and reintroduced into the adsorption sys- 
tem via the lift gas stream. The reacti 
vator has been operated at two tempera- 
ture levels—namely, 1,000 and 1,400 to 
1,500° F. 
ing medium. 
temperatures 
activants and char. 


Steam was used as the fluidiz- 
At the higher reactivator 
steam reacts with the de- 


The pilot plant was operated at pres- 
gauge, the 
maximum pressure at which the refinery 
The fluidized- 
strated 


sures up to 80 Ib./sq.in 


residue gas was available. 
solids technique has been demor 
commercially at 260 |b. /sq.in 
fluid hydroforming (4) so that 


tion at higher pressures should be easily 


gauge in 


accomplished in the ease of Fluid Ad 
sorption, Temperature averaged about 
130° F. at the top of the tower 
at the bottom 


and 


creased to roughly 210° F 
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plate owing to the heat of adsorption 
The which 
any the tour 
usually entered the unit at 70-90° F 


feed, could be admitted to 


one ol intermediate tray 


The desorber was heated by means of 
Dowtherm A vapor condensing inside 
internal T he desorber 
was 
move char hnes from 
uct vapor Che 
containing desorption steam, was passed 
the 


vertical tubes 


with two cyclones to re 
the bottoms prod- 


product, 


equipped 


bottoms 
scrubber to condense 
and to the last traces of 
from the gas stream. The high 
length to diameter ratio and the heating 
tubes provided staging in the 
desorber 

To provide some countercurrent con 
tacting of the gas and solids, the stripper 
contained a few internal baffles. Since 
the stripping gas was rather 
small, conventional filters were employed to 
remove from the gas. The gas 
was then passed to a water scrubber 
and released as a portion of the over 
head product 


to a water 
steam 


solids 


remove 


some 


volume ot 


Table 1.—Typical Adsorber feed 
Composition 


composition mole % 


129 
128 


1. Sketch of 12-in. diometer glow tower. 
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Fig. 4. Adsorption pilot plant-—contro! 
of product quality. 


MOL. KEYS PRODUCTS 


CHAR CIRCULATION RATE, 
L865, OF CHAR/SCF OF FEED 
Fig. 5. Effect of char circulation rate on product 
composition when amount of reboil vapors to 
tower bottom is held constant. 


The 
were 


of equipment 
The adsorber 


remaining 

quite conventional 
char cooler was cooled with water flow 
ing through internal, vertical tubes 
The heads tank was simply a reservoir 
for the circulating char. It contained 
also two stages of cyclones to remove 
entrained solids from the overhead gas 
The solids flow was controlled by slide 
valves The upper slide valve was 
operated to maintain a constant differ 
ential pressure across the riser, and the 
lower slide valve (at the bottom of the 
stripper) was operated on level control 
in the desorber. Available compressors 
were used to pressure adsorber reflux 
and char lift gases; blowers would have 
been adequate since the pressure differ 
entials were quite low 


pieces 


In constructing and operating the pilot 
plant, it was more convenient to have 
eparate vessels in the adsorption system, 
the 
and 


commercial designs, however, 
tanks, 


stripper would be combined into a single 


For 


heads adsorber, desorber, 


column with plates for staging in all 


sections (see Figure 6). 
CONTROL AND STABILITY OF 
ADSORPTION TOWER 

The 


through the tower 
When 


as represented in Table 1, 


flow 
smooth 


solids 
was separating 
feeds such 
the composition of the overhead and bot- 
tons product could be re adily controlled 
For example, a controlled reduction m 
con 
10 to 


(The 


the char rate reduced the methane 
centration in the bottoms from 
1.5% within a period of <0 min 
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Table 2.—Typical Adsorber Seporations 


Bottoms product 
Tower pressure, Ib./sq.in. gouge 70 
Feed rate 


Cher rate 


(Ib. chor./ std.cu.ft. feed) 
Gas analyses, mole % 


Inerts (N., H, CO) 
Cc, 


co, H,S 


desorbate reflux rate was held constant 
during this period so that the bottoms- 
product rate decreased and the reflux 
vapor-to char ratio increased.) ompo 
sition of the key components in the over- 
head and bottoms streams was followed 
continuously by a monitoring mass spec- 
trometer (5). The spectrometer charts 
that the 
key components are not subject to short- 
term fluctuations; this indi- 
cates again the smooth tower operation 
which is obtainable. Figure 4 shows 
that the concentration in the 
bottoms can be easily controlled to less 
than 1% for a period of days. Changes 
indicated in the char-to-feed ratio were 


showed concentrations of the 


condition 


methane 


accounted for by changes in 


largely 


operating conditions changes in 


feed composition 


ADSORBER SEPARATIONS 


The adsorption tower has been oper 
ated to recover in the bottoms either C, 
heavier components or Cy and 
Obviously, if both C, and Cy 
recovered at a 


and 
heavier 
compounds are to be 
given feed rate, a higher adsorbent rate 
is required than if only Cy, is to be 
recovered out by the 
typical separation results given in Table 
2 for the six-plate adsorption tower. The 
the 


This is borne 


char-to-feed ratios noted are not 
minim required for the separations. It 
should be pointed out also that the small 
stripper portion of the overhead gas has 
been included in the overhead product sO 
that the 


proximate material balance. Some heavy 


values listed will give an ap 


ier components are desorbed along with 
hot stripper, which indi- 
than 


water im the 
cates lower adsorber efficiencies 
actually realized, 

In the Cy 
separation 
the overhead was a little more than 1%; 
the content of the bottoms 
product was 16% Essentially all the 
CO, Nz, and Hy, appear in the overhead 


products imasmuch as these gases are 


case C. 


recovery 
the concentration of C,’s in 


methane 


virtually unadsorbed at tower operating 
conditions, CO, and H,S are adsorbed 
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Constant 


to varying degrees and a good percen- 
tage of these materials is found in the 
bottoms products. No effort was made 
to control the separation on these com 
ponents. In the Cz, 

(Cy — Cg separation), about 6 mole % 
of ethylene and ethane was found in the 
bottoms product. Fewer C,’s would have 
been included with the bottoms if the 
rate of withdrawal of this product had 
been lowered (higher reflux) or if the 
char rate had been reduced while hold 
ing the reflux constant. Sharp separa- 
tions usually were not desired, however, 
from the standpoint of analytical ac- 
curacy and evaluation of adsorber plate 


recovery case 


efficiency. 

An illustration of the effect of chang- 
ing the char circulation at a given feed 
rate and at a constant rate of “reboil” 
vapors to the bottoms of the tower is 
ob- 


separation be 


given in Figure 5. These data were 
tained when making a 
tween methane and C,’'s during a period 
of fairly constant feed composition. It 
can be seen that too low a ratio of char- 
to-feed results in excessive C,'s being 
the 


concentration ol 


lost to the overhead product. At 
time, a smallet 
methane is found in the bottoms product 
due to the higher ratio of reflux gas to 
These effects are qualitatively the 
dis 


same 


char 
same as would be encountered in 
tillation on changing reflux and bottoms 
withdrawal rates while maintaining con 
stant feed and reboiler vapor rates. The 
rapid change of key concentrations with 
the 
selectivity for Cy over methane 


adsorbent rate reflects high chat 
(high 


relative volatility ) 


ADSORBER SEPARATION EFFICIENCIES 


Estimated separation efficiencies were 
based on analyses of vapor samples taken 
from each of the individual plates. The 
samples, obtained by inserting screen 
tipped probes into the tower at a level 
of about 6 in. above the solids bed, were 
withdrawn simultaneously from each of 
the plates, and the amount of vapor 
withdrawn was negligible relative to that 
up the The over-all 


passing tower. 
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Murphree efficiency for each tray 


estimated as follows 


where 


} mole fraction in a binary trac 
tion Of a vapor mixture 
in equilibrium with bulk ad 


sorbate 


= adjacent adsorber stages 


lotal adsorption and material balances 


were used for calculating },* values 


The amount of the adsorbed phase was 
estimated from muxture correlations 
which are shown in 


(11) 


ciently 


a companion paper 
The desorber operated quite efh- 
and metered dry-gas desorbate 
quantities checked total adsorption esti 
mates for the bottom adsorber plate 
sat'sfactorily 

In the application of the efficiency 
equation to the pilot plant results, sev 
made First the 
lable 
Six-component 
CH,, CO., C,H,, CoH, 
The inerts (Hy, Ng, and CO) 
assumed to negligibly at 
H.S 


small quantities, was 


eral assumptions were 


complex feed gas as ented m 
l was 
tem imnerts 
and Coll, 


were 


repre 


treated as a 


adsorb 


the tower conditions present in 


rather treated as 


propane im view of the similarity of 


was 


char-adsorption isotherms for these two 


materials. Propylene also treated 
thes« 
relative volatility of 1.0 and almost idetr 
tical Final 


was lumped with propane also u 


Was 


as propane hydrocarbons have a 


isotherms ly, material 


View 
of the relatively small quantities encoun 
tered treated a i eparat 


In efficiency calculations, al 


{ Os wa 
component 

lowance was made for solids-entraimed 
vapor carried downward with the chat 
The effect of vapor-entrained solids car 
ried up the 


gible, based on the 


tower was assumed negli 


glass-tower observa 
tions. 
Adsorber 
for the separations discussed 
Table A 
limit 
one standard deviation, In the higher ve 
fluidization 
generally good, the plate efficiency is es 


plate efficiencies estimated 
previously 
are given in 

The precisior shown represent 


locity range where the 


sentially Furthermore, there ap 


pears to be no statistically significant 


difference between the efhciencie rr 
ported for the C,/C, 


pared with the C,/¢ 


eparation as com 


In the 


which favors 


, Separation 


low gas velocity range 


poor fluidization and channeling, the 


efficiencies on both separations are ig 
lower. Under normal 


nificantly operat 


ing conditions ethcrenci im the 
1000; 


Adsorption process It I in 


plate 
order of could be 
the Fluid 


teresting to note that comparable eth 


anti ipated lor 


Fig. 3. Fluid adsorption pilot plant. 
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Table A. 


Pilot adsorber Minimum Commercial 


gas velocity design 


range 


fividization 
range 

Plate efficiency (E), % 

6 


C./C. seperation 


C./C, separation 79 + 1.5 


cienck for oil absorbers 


run a mw aA 


taken at 


adsorber 


Simultaneous vapor sample 


variou irom a 
stage 
rents 


pont given 


neo 


plates om the 


concentration grad 
acro the chirecthon 
xpected 


short 


of char flow Thu was to be 
oli 


umably the 


mee the path was quite 


plate olids well 


mixed Thus, estimated over-all tray 


efficiencies for the pilot plant adsorbe 


hould bee 


crencte 


representative of local eth 
Higher 
might be anticipated for commercial ad 
olids path 


tayving o 


all ethocrenct 


sorber due to the lonwer 
across the plate and inherent 


a wiven tray 


Fig. 6. Commercial fluid adsorption design. 
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CHAR DEACTIVATION AND REGENERATION 


The need for reactivating the char 
depends largely on the nature of the 
feed stock. With feeds containing noth- 
ing higher in molecular weight than 
C,'s, little or no deactivation of the 
char occurs even after long and contin- 
ued use. With heavier feeds some de- 
activation occurs, and the reactivation 
requirements are best judged after tests 
on the individual feed, Deactivation can 
apparently arise from small amounts of 
heavy ends (Cg, material) in the feed 
and from a small amount of pelymeriza 
tion of olefins and diolefins which takes 
place on the char. Deactivants present 
in the refinery residue gas feed to the 
fluid-adsorption pilot plant were com- 
paratively mild; during long runs the 
char decreased to 75 or 80% of its 
original adsorption capacity whereupon 
an equilibrium activity was reached. 
This activity level was felt to be satis- 
factory. Higher levels were maintained 
by high-temperature reactivation with 
steam. The capacity of the pilot plant 
char leaving the reactivator is given in 
an accompanying table along with other 
characteristics for a period of three 
months of steady operation, The char 
activity is shown for periods during 
which semicontinuous reactivation was 
employed (see Table B), 

The loss in permanent adsorptive ca- 
pacity during this three-month period of 
operation was less than 10%, and it is 
apparent that the char is remarkably 
stable when the long and varied usage 
is considered. No trend is evident in the 
sulfur content of the char, and the slight 
increase in ash content noted over that 
of the fresh char is due to 2 small 
amount of iron pick-up from the unit. 

Laboratory deactivation studies were 
made on synthetic feeds containing more 
unsaturated materials, such as butadiene 
and isoprene, than were encountered in 
the pilot plant studies. Char deactiva- 
tion by these feeds was more severe than 
that observed for the pilot plant char. 
However, activity of laboratory chars 
subjected to severe deactivants could be 
restored to 90% or better by steam treat- 
ment at 1,200 to 1,400° F. In general, 
laboratory reactivation results were en- 
couraging. Repeated adsorber-desorber- 
reactivator cycles over long periods of 
operation are required, however, to ob- 
tain deactivation-reactivation data repre- 
sentative of cumulative effects. Results 
obtained with a few laboratory cycles 
can be misleading 

Considerable progress has been made 
on a general correlation between char 
deactivation and the level of contaminant 
deposits. The prediction of reactivation 
requirements, however, has been a more 
difficult problem. For example, at the 
high temperatures required for regener- 
ation, there may be adverse changes in 
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the character of deposits such as by 
polymerization and coking. A better un- 
derstanding is required of the mechan- 
isms of deactivation and reactivation. 


CHAR MAKE-UP REQUIREMENTS 


The activated chars used in the Fluid 
Adsorption pilot plant were in the same 
general particle size range as that used 
in fluid catalyst cracking. These small 
char particles, whether derived from 
a petroleum 
source, are quite resistant to attrition. 


cocoanut shells or from 


The pilot plant data indicate that these 
chars are more resistant to attrition than 
cracking catalyst, and that less than 
0.015% of the char circulated should be 
lost as a result of attrition and reacti- 
vator burning loss. The petroleum-de- 
rived char used in the pilot plant could 
be produced on a small commercial scale 
at comparatively low cost. Adsorbent 
make-up costs in terms of this char 
should not be significant. Make-up in 
terms of the better commercial chars 
available, at current small-lot prices, 
would represent an appreciable operat- 
ing cost item. 


HEAT TRANSFER 


The heat transfer surface required to 
heat and cool the adsorbent represents 
a principal investment cost in adsorptive 
processes, One of the outstanding char- 
acteristics of any fluidized-solids system 
is the ease with which heat may be 
transferred to and from fluid beds. For 
tunately, the heat transfer coefficients 
obtained with activated char are fully as 
good as those reported for other fluid- 
ized-solids systems (6, 7). Data from 
heat transfer tests on the pilot plant 
desorber and char cooler are presented 
in Table C, The fluidization gas velocity 
was the same for both vessels, and inter- 
mediate in the range of gas rates de- 
monstrated., 

The water side coefficients in the 
cooler were calculated from correlations 
given by McAdams (10). The Dow- 
therm coefficients in the desorber were 
calculated from the Kirkbride equation 
(8) for condensing vapors on vertical 
tubes. The char side coefficients were 
calculated in the conventional way from 
the over-all and the individual coeffi- 
cients; the estimated char side coeffi- 
cients for the desorber and cooler are 
in good agreement. Higher gas veloci- 
ties and heat transfer rates are visual- 
ized for commercial adsorbers. Thus, a 
design char side coefficient of 100 would 
appear to be a conservative value for 
the Fluid Adsorption process, 


Commercial Design Studies 


The pilot plant system was made up 
of a rather large number of separate ves- 
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sels to facilitate process studies. A less 
complex design was visualized for large- 
scale separations. One of the alternate 
commercial F.C.A. designs studied is 
illustrated in Figure 6, as applied to 
separation of C,, Cy, and C, fractions 
from light hydrocarbon and inert gas 
mixtures. Other commercial designs are 
described in the patent literature (9). 
The major equipment units are the ad- 
sorber, reactivator, solids circulation 
(gas lift) system, and a water scrubber 
for simultaneous removal of char fines 
and desorption steam from gas streams. 

The chief functions of the adsorber 
are the same as described above for the 
corresponding pilot plant units, except 
for the additional side stream feature. 
These include the following: 


Adsorption of heavy key (C,) and 
heavier feed components in upper 
tower section. 

Enrichment of C, fraction (demethan- 
izing) in rectification section immedi- 
ately below feed. 

Withdrawal of C, side stream product. 
Enrichment of C,. fraction (deethan 
izing) in lower rectification section. 
Withdrawal of wet C,. product 
Desorption by heating and steam 
stripping in next lower tower section. 
Dehydrating hot desorbed char with 
recycle overhead gas. 

Cooling char in bottom section prior 
to recirculation. 


The char is conveyed to the top gas- 
solid disengaging section by gas lift, and 
the net overhead C, product is with- 
drawn from the recycle lift gas line. 
Other adsorber design features differing 
from the pilot plant are as follows: 


1 Internal stage heating and cooling 
with horizontal coils 

2 Cooling in adsorption section, par- 
ticularly immediately above feed point. 
A necked-down demethanizing sec- 
tion (where low vapor volumes are 
encountered) to maintain good fluid- 
izing velocities. 
Split-flow plate design to minimize 
length of solids flow path 
Secondary heating at bottom of recti- 
fication section to avoid excessive 
desorber vapor volumes. 
Wet reflux vapor to bottom of recti- 
fication section. 


Note that the internal tower cone prevents 
contamination of the bottoms product with de 
hydrator (recycle overhead) gas. The C, side 
stream may be treated further in a small sepa- 
rate adsorber for clean-up of small equilibrium 
quantities (9a, 9b). 


The char reactivator is staged for 
Preheated char is 
removed at an intermediate reactivator 


maximum efficiency. 
stage, heated to the maximum tempera- 
ture by direct contact with combustion 
gas external to the tower in a lift line, 
and returned to the reactivator at the 
withdrawal stage. The combustion gas 
passes up the tower to preheat down- 
flowing char and to strip any desorbable 
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deactivants to minimize cracking. The 
hotter char from the withdrawal stage is 
contacted with steam in the two bottom 
stages for final reactivation by the 
water-gas reaction. The hot reactivated 
char is returned to the desorber heating 
stage 

Residual char fines and steam are re- 
moved from the bottoms product and de 
hydrating gas in two isolated sections 
of a water scrubber. The ‘ + adsorber 
product contains a high steam content. 
This steam is partially condensed in the 
fines removal section to control the 
slurry concentration. The remaining 
portion is condensed in the absence of 
fines (9c). The net fines recovered are 
returned to the bottorn desorber stage as 
a concentrated water slurry. 


Applications—Ff.C.A. Process 


Adsorbent carbons are most selective 
for vapors according to boiling point 
rather than to polarity or degree of un- 
saturation. For example, activated char- 
coal is quite selective for ethylene in 
preference to methane. The char separa- 
tion factor for the ethylene-ethane bin- 
ary, however, is not much better than 
in low-temperature distillation. In order 
that adsorption be competitive with con- 
ventional processes for gas separations, 
the adsorbent must have relatively high 
selectivities and adsorption capacities tor 
the key components. This is the case 
for the separation of methane and 
ethylene inasmuch as the char adsorp 
tion relative volatility for methane 
ethylene is as high as 14 at atmospheric 
conditions (11). As discussed prev 
iously, fluid char adsorber plate efficien- 
cies for this binary are in the range of 
100%. Thus, sharp separations may be 
made with few stages. 

Berg (1) has pointed out the high 
retention of light hydrocarbons by acti 
vated char relative to absorber oil. For 
example, char capacity for ethane may 
be as much as twenty times that of 
absorber oil (lb./lb. basis) at substan- 
tial pressures. This figure is a rough 
index of required char circulation, rela- 
tive to that of absorber oil, for light 
hydrocarbon separations such as 
C, — Cy. Higher pressures and expen- 
sive low-temperature refrigeration are 
required to bring oil capacities in line 
with those of the warmer char, and to 
make separation by distillation practical. 
The separation of difficultly condensable 
gases, therefore, is one of the most 
promising applications of the F.C.A. 
processs. 

Absorber oil capacities for higher 
boiling materials approach those of acti- 
vated char even at moderate pressures. 
Also, the higher boiling mixtures usually 
are easily separated by distillation. In 
general, gas adsorption is not competi- 
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tive with conventional techniques for 
separating such mixtures, At low par 
tial pressures, however, even high boil- 
ing materials are retained by activated 
char to a degree much higher than by 
absorber oils. Thus, there are quite a 
few cases in which gas adsorption may 
be applied advantageously for recovery 
and concentration of materials boiling 
much higher than the lighter hydrocar 
bons. A familiar, fixed-bed example is 
recovery of small concentrations of ben- 
zene from air or from other relatively 
inert gases. 

Some of the most promising applica 
tions of the F.C.A. process, falling in 
the two major categories just discussed 
are listed as follows 


1 Separation of C, and C,, fractions from re 
finery residue (fuel) gas and from natural gas 

2 Purification of hydrogen in recycle operations 
or hydrogen os derived from hydroforming 
and ethane cracking for ethylene production 

3 Concentration of acetylene produced by par 
tial combustion or severe cracking of light 
hydrocarbons 

4 Recovery of solvent vapors and other valuable 
materials present in small concentrations in 
air and in other inert gases. 

5 Gas drying 

6 Recovery of light ends from hydrocarbon syn 
thesis reactions. 


F.C.A. Process—Special Features 


Advantages of the fluidized-solids 
technique as applied to catalytic-crack 
ing and other oil-refining processes are 
well recognized. The outstanding fea 
tures of the F.C.A. process attributed to 
fluidized-solids handling, as indicated by 
the pilot plant data discussed previously, 
ire summarized as follows: 


1 A small adsorbent inventory. 

2 High heat transfer coefficients for solids heat 
ing and cooling. 

3 High allowable vapor and solids velocities, 


processes: 


4 Adaptobility to stagewise cooling in the ad- 
sorption section and heating in the lower rec 
tification section (minimum required char cir- 


culation rates, exchanger surfoce and utilities) 


Direct char heating with combustion gas in re 
activation operations, which minimizes high- 


temperature equipment problems 


6 Simple and effective means for solid flow 
control 
7 Continvows operation which does not require 


multiple equipment units 


These special features go a long way 
towards eliminating the limitations of 
gas adsorption inherent in the older 


fixed-bed technique 


F.C.A.—Development Status 


The essential features of the adsorp- 
tive separation sy tem have been demon 
strated quite satisfactorily on a pilot 
pl int scale Dhese inchuck olids flow 


and general proce control, multistage 


gas solids contacting, adsorption-ce sorp 
tion efficiencies, heat transfer rates, char 
attrition losses, and vessel erosion. The 
large cross-flow plate study results 


should be fairly representative of com 
mercial adsorbers as large as 10-ft 
diam., with split-flow plates 

The major F.C.A, feature requiring 
further development is adsorbent reacti- 
vation This applies particularly to 
separations on feeds containing severe 


deactivant ix ample s of such feeds are 


those contairt ing higher acetylene di 
olefins, exce ive Cx, oletin ancl ap 
preciable quantities of Cg», heavy ends 


(Commercial reactivator designs of the 


type just described require demonstra 
tion of reactivation efhciency and char 


regeneration losses for the more severely 


which minimize tower volumes deactivating feeds mentioned Also, 
Teble 8. 
Doys of operation on char 0 45 60 73 87 
C,” adsorptive capacity, % of initial 100 97 93 93 92 
Surface orea, sq.m./g. 1,020 985 1,000 987 
2.2 14 20 14 24 
Ash, wt. % 0.7 I 11 0.90 10 
Table C. 
Desorber Cher cooler 
Over-all coefficient, F. ..... 68 75 80 90 
Cale. water side coefficient . - ‘ 315 330 
Cale. Dowtherm coefficient 185-210 
Cale. char side coefficient 95-115 100 125 
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indicated on other 


order to arrive at 


study is 
features im 


further 
the most efficient and economical proc 
ess. Examples are alternate exchanger 
plate designs and dust-removal methods 

It is felt that the present F.C.A. de 
velopment is adequate for commercial 
separation of feeds containing only mild 
deactivants, Based on present experi- 
ence, no char reactivation should be re- 
quired for gas adsorber feeds character- 
ized as follows 


1 No unsaturates other than ethylene, propylene, 
and acetylene. 
2 No materials higher boiling then C,*. 


The concentration of hydroformer hy- 
drogen represents an immediate applica- 
tion of Fluid Adsorption. 


* Higher boiling nonpolymerizing materials 
(benzene, toluene, and h , for ple) 
could be tolerated without regeneration. How- 
ever, such materials boiling appreciably higher 
than the key feed component might increase de- 
sorption requirements or lower the equilibrium 
adsorbent activity excessively. 


Cost studies have been made on the 
F.C.A. process for several refinery ap- 
plications. These included separation of 
light hydrocarbon fractions, such as 
methane and C,'s from fuel gas, and 
purification of hydroformer hydrogen 
(hydrogen-methane separations). How- 
ever, since F.C.A. costs vary with such 
factors as adsorption pressure and con- 
centration of key components in the feed 
and especially with the amount and na- 
ture of char deactivants which may be 
present, a detailed engineering and cost 
study would be necessary to evaluate the 
process for any specific industrial appli- 
cation. 
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Details of industrial Flotation 
G. Gutzeit 


It is theoretically possible to apply 
flotation procedures to the separation of a 
multitude of substances. Aside from the 
field of mineral beneficiation, where flota 
tion methods and are being 


expanded to new uses and constantly in 


originated 


creasing tonnages, a number of proposals 
have been made often successfully 
applied—involving flotation as a unit opera 
tion in Whether or 
not flotation achieve a 
given matter of 
economics 
discuss the abundant patent literature. A 
the basis of 


and 
chemical processing 
can be used to 
separation is mostly a 
A short review cannot possibly 
choice has to be made on 
practicability, originality of conception, and 
potential value. A few typical examples are 


therefore given. 
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Applications of the Wet Cyclone in 
Florida Phosphate Operations 


H. W. Adam and P. E. McGarry 


The wet cyclone is a device for classi- 
fying or dewatering liquid pulps. Cy- 
clones are not new, but the application 
of wet cyclones to ore-dressing problems 
is relatively recent. Testing of wet cy- 
the operations is 


the 


clones in phosphate 


generally a matter of determining 
best operating conditions and economics 
for any specific sizing or dewatering job 
and comparing the results with other de 
vices such as hydroseparators and screw 
classifiers. in the test carried 
the 


Noralyn 


mr om 


International Minerals and 
flotation 


where 


Chemical plant, wet 


were used the principal 
(1) 
(3) 


breaking 


cyclones 
(2) sizing or 


thicken 


object was desliming, 


classifying, dewatering or 
ing, or (4) 
flotation-froth 


Coie 


down of tenacious 


products or agglomerates 


other application of the wet cyclone 
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is in heavy-media separations, especially 


in coal and iron-ore beneficiation 


Heavy-Media Separation as Related 
to the Chemical industries 


R. W. Hernlund 


The process of heavy-media separation 


has been so successfully adapted to the 


treatment of a wide variety of minerals 


that 
application to processing within the chem 


chances seem good for successful 


ical industries. The application of heavy 
media processing requires plant facilities 
that generally include (1) a feed-prepara 
tion section for crushing, sizing, and wash 
ing of feed, (2) a heavy-media section 
proper, and (3) a section for disposing of 
The tells 


interesting coal-washing 


heavy-media products article 


the story of an 
problem solved with heavy-media separa- 
tion and gives an account of iron beneficia 


tion by heavy-media separation in Austria 
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The highlights of a development pro- 
gram which led to an installation of a 
commercial benzene hexachloride re- 
actor in early 1949 and an improved 
version in 1951 are reported. Pro- 
duced primarily by the photochemical 
addition reaction of benzene and 
chlorine, the gamma isomer of BHC 
aroused considerable interest about 
ten years ago when its practical insect- 
icidal value became known, specifically 
in the application to control the cotton 
boll weevil. At that time not much had 
been reported on the application of 
photochemical energy to promote this 
reaction for the commercial production 
of BHC. Today the BHC reactor is 
regarded as an efficient apparatus for 
gamma BHC production, especially 
when the over-all plant investments are 
considered. It is the authors’ hope that 
the development program presented 
here will benefit future workers and 
will encourage the publication of their 
work in the general field of photo- 
chemical reactor designs. 
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flooded continuous 


DEVELOPMENT OF A TWO-STAGE 
BHC PHOTOCHEMICAL REACTOR 


L. J. Governale and J. 7. Clarke 


his discussion will cover (1) the 


exploratory testing phase lasting a 


period of two months, (2) the pilot seal 


testing i second two-month 


period, (3) the semicommercial 


requiring 
opera 
ot a tunda 
led to the 


tion, and (4) the highlight 


mental test program which 
final cle velopment oa two-stage 


reactor 


Prior Knowledge 


known tarting the 


exploratory work that two general spe 


It was prior to 


cies of reactions shown below are 


between benzene and chlorine 


po sible 
ina BHC reactor 


CoHg + + 


rHc) 
(2) 


CeHg + CoH 4 


these reactions, which 


The 


produc 


first ot 


henzene hexachloride, is nor 


mally catalyzed by light and is a com 


plete addition reaction. However, it wa 
known that as 


ers of 


many as tive stereomom 


are formed by this reaction 


Chemical Engineering Progress 


| Ethy! Corporation, Baton Rouge, Lovisione 


and that the momer, which 
the only isomer having any insecticidal 
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pre poor 
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theorie 


value and 1 omer tor 


valued, 1 ent usually im 
of 10% 
planations of 


on the 


yield lhere were no ex 


advanced at this 
reason for obtaimmng these 
Apparently had 
ufficient incentive up to th 

the the 


reaction 


tine 


low yields there not 


been tine 


to improve yield of gamma 


isomer in this 


he 


ired 


second reaction covers the unde 


chlorobenzene substitution reac 
tions which produce a mole of hydrogen 


‘ hlor whe 


tuted on the benzene 


atom sulbeti 
im the 


for every chlorine 
reaction 
carried out dark m 
ot a Friedel Crait catalyst 


chloride or aluminum 


rity 
is normally 
the 

such 


pre 
as 
chloride 
Both chlorine and benzene hexachlor 
dewre« 
ible tw con 


yr based or 


ide are soluble to an appres 


in benzene and it wa po 

‘ home 
Also 

Bit 

ated 


a reactor «le 
liquid-phase systen 


the that the 


geneou 


known was fact 


action is a chain reaction init 
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COOLER 


RETURN FROM 


Cele IN 


Fig. 2. Pilot plant pot type BHC reactor 


chlorine atoms which are formed by the 


(Cl,) 
than 


photo-dissociation of chlorine 


by light of a wavelength less 


4800 A (12) 
Previous 
that certain inhibitors, such as oxygen 
ated compounds, could be present in 
Methods available for 


experience also disclosed 


were 


chlorine 


. 


EXTERNAL COOLER 


PYREX 
REACTOR 
2ie. X10 ff. 
40 wart PYREX 
LAMPS WELL 


COOL.WATER 


removing these inhibitors in chlorine by 
passing the gas through an activated 
alumina bed. 


Exploratory Testing Phase 


First efforts toward 
BHC reactor were directed to 
answers to such questions as: (1) what 


developing a 
obtain 


Table 1.—Typical Data for Exploratory Test in BHC Laboratory Reactors 


Chlorine 
converted 
Feed Ib. /eu.ft./he. 
Volume Benzene wt. % 
Reactor oe. source chlorine total to BHC 
65 ind. 20 118 83 
(Flooded cont.) benzol 
! 65 pure 10 55 47 
(Flooded cont.) benzene 
2 215 ind. 4 18 4 
(Fleoded cont.) benzol 
3 850 as 35 16 15 
(Flooded batch) 
4 17,500 - Cooling capacity dequate 
(Flooded batch) 
1,500 13 4 0.6 


5 
(Sproy phase) 


Table 2.—Typical Data for Pilot Scale BHC Reactors 


Volume 

Reactor cu.ft. 

pot 31 
(batch) 

pot 31 
(spray) 

tube 0.5 

(lights external) 
tube 0.28 


(lights external 
and internal) 


Feed Chlorine 
wt. % converted 
chlorine Ib. /(ew.ft.)(hr.) 

10 1-2 

15 
15-20 36 

15 58 
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Cle IN 
REACTION VOL. CU. FT. 
Fig. 3. Pilot plant tube type PHC reactors. 
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percentage of substitution products will 
result? (2) what are approximate 
chlorine conversion rates in a_ well- 
lighted reactor? and (3) what operabil- 
ity problems may be encountered in a 
plant reactor? Several simple laboratory 
reactors were tested. Typical of these 
reactors is the one shown in Figure 1. 

Other this one 
were set up to test the effect on light 
transmission of replacing the Pyrex re- 
actor with a quartz reactor and remov- 
ing the light well. Larger reactor vol- 
umes, charging benzene batchwise while 


reactors similar to 


feeding chlorine continuously, and feed- 
ing benzene in as a spray phase while 
feeding chlorine in at the bottom, were 
also tested. 

Typical data obtained from this ex- 
ploratory work are Table 1. 
These data are significant only within 


given in 


the comparisons which are made. The 
reactors were generally run in the tem- 
perature range of 30 to 60°C. Light 
wattage used was a 30-w. fluorescent 
lamp in all cases. The ranges on 
chlorine reaction rates represent total 


chlorine converted to both substitution 
and BHC products and the chlorine con- 
verted to BHC alone. Use of pure ben- 
zene in the second test in Reactor No. 1 
gave a reduction in the substitution re- 
action. This was studied more fully in 
other tests. 

For the flooded reactors there appears 
between initial 
and over-all 


to be some correlation 
chlorine feed concentratior 


conversion rate, as might be expected. 


The concentration shown for Reactor 
No. 3 is based on total chlorine fed 
divided by the amount of benzene 


charged. In this test a 13-min. induction 
period was noted. The chlorine going to 
substitution reactions was not measured 


during the induction period, which ex- 
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plains the small difference between the 
total substituted and chlorine 
converted to BHC while using industrial 
benzol. This induction period encoun- 
tered in batch reaction was studied more 
fully in other tests. Poor conversion 
rates were obtained with the spray phase 
reactor with the use of benzene feed as 
source of spray. 


chlorine 


these ex- 
reactors 


drawn from 
ploratory tests on laboratory 
were 


Conclusions 


1. With proper light distribution, commercial 
chlorination rates could be realized in practical 
size plant equipment 

2. Substitution reactions were not a function 
of normal reactor design but rather of benzene 
purity 

3. Induction period encountered in batch re- 
actions is a function of the impurities present in 
benzene and a function of the initial volume of 
the benzene batch. 

4. Little addition reaction occurs in a blacked- 
out reactor, that is, without benefit of catalysts 


Pilot Scale Testing 


Based on these tests large pilot-scale 


test reactors were considered for the 
next test phase. Two general reactor 
types were considered—namely, a pot 


type and a tube type. Shown in Figure 2 
is the 
Thi 


as a 


pot-type reactor which was tested 


reactor was set up to be operated 
flooded-batch or as a spray phase 
reactor. Cooling wa 
ing a 
cooled Karbate exchanger 


effected by pump 
solution through an external drip 
Solution was 
returned to the bottom nozzle while the 
level in the pot was varied from the top 
nozzle for flooded operation or to the 
bottom nozzle for the spray phase 

Two variations of the tube-type re 
were tested. 


actor (Figure 3) 


Fig. 4. Semicommercial tubular 


PROOUCT * 


COOLING WATER DISTRIBUTOR 
a J 


-- 


Typical data obtained in the testing 
Table 2 
Conversion capacities shown for the pot 
type were disappointing when compared 
with the exploratory test results shown 
on Table 2 Reactor No. 3 
eight to ten times these rates were ob 


of these reactors are shown in 


for where 


tained. The second of the tube type re 
actors gave the highest conversion rate 
of 58 Ib./(hr.)(cu.ft.) based on avail 


able reaction volume, but this advantage 
over the first tube type is balanced out 
by the fact that its volume is reduced by 
the internal light well 

he 


pilot seale testing were as follows 


general conclusions from this 


1 Fluorescent lamps of 10 w./ft. were quite prac- 
tical and economicol for lorge-scale reactor 
design. 

2 The tube reactor appecred to be most readily 
adapted to « 

3 Reactor cooling should be accomplished os for 


rcial exploitation. 


as possible in situ to avoid the problems which 
hed been encountered with maintaining seals 


on an external cooling system. 


Semicommercial Development Phase 


For the third or semicommercial 
phase, which was entered into early in 
1949, a trombone-type, drip-cooled tubu 
lar reactor, shown in Figure 4, was con 
structed and operated. (See Figure 4-a 
for actual photograph. ) 

Initially this reactor was operated in 
the open in order to take advantage of 
sunlight activation during the daytime 
Conversion rates were sufficiently high 
during these times as to exceed cooling 
capacity. However, this resulted in the 
discovery that during these times gamma 


rhis i 


clearly shown in Figure 5 where gamma 


vield was significantly reduced 


concentration produc ed 1s plotte cd against 


reactor. 


OVERFLOW ~ 
G 


TWELVE G 
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developments 


Fig. 5. Gamma variation in semi-com nercial 
plent. 


With the reactor ex 
posed the 
centage, shown in the top graph, dropped 
to 10% from a usual average of 12 to 
14° during the dark period With the 


reactor covered with a tarpaulin on an 


the time of day 


during day, gamma per 


other day, gamma percentages through 


out the 24-hr 
bottom 


period as shown in the 


graph, were consistent within 


the analytical accuracy 
It was also learned that an iron oxide 
deposited on the tubes by 
eriously affected: hgght 


ily lor 


hlm which wa 
the cooling water 
etiective 


transmission An rene 


th was «ce veloped which consisted of a 


periodic washdown of the tubes with a 
10% hydrochloric acid solution, Con 
version capacity of this reactor was ulti 
mately determined to be around 150 Ib 

br. or 3O Ib. /(hr.) Ceult This com 
pared favorably with the results obtained 
with the tube-type reactors hy nw 
Table 2 where a 36 Ib./Chr.)(euwit.) 
rate wa obtained Phe conclusion 


Fig. 4a. Photograph of semicommercial tubvler reactor 


—— re. 
Page 283 


from the semicommercial development 
were: 


1. Tube reactor with internal lights would elimi- 
nate problem of reduced light transmission 
owing to fouling of the tube surface 
Light intensity appeared to have some effect, 
direct or indirect, on gomma content in the 
BHC produced. 

Conversion rates in ao Pyrex trombone-tube 
reactor can be limited by heat transfer rate 
through Pyrex. 


Two-stage Reactor Development 


In considering an expansion of BHC 
production facilities, a program was un- 
dertaken to study more thoroughly the 
fundamental factors influencing gamma 
production and over-all reaction rates in 
a BHC reactor and to obtain data for 
the efficient gamma 
reactor, It mentioned here 


design of an 


should be 


that by this time many developments 
(3,4, 5, 8) had shown that gamma con- 
tent could, be improved by catalytic 
means in dark reactions as well as pho- 
tochemical reactions. 

Details of this fundamental program 
will be covered in a which is 
planned for publication. The conclusions 
of this work which are most pertinent 
the accompanying 


paper 


here are shown in 
table. 

Specific reaction velocity constants k, 
based on first-order reaction with re 
spect to chlorine concentration and cal- 
culated as a differential change in chlor- 
ine concentration / (minute) (chlorine 
concentration) were determined in batch 
reactions and in a one-stage, pot-type 
Average values of 
1 for chlorine con- 
obtained 


to 0.1% 


continuous reactor. 
k around 1.50 min. 


centrations above 1% were 


while concentrations from 1 


RESULTS OF FUNDAMENTAL STUDIES 


RATE OF PHOTOCHEMICAL 
ADDITION OF CHLORINE 


At moderate light intensities (2,000 
ft.-c) the rate of reaction does not 


vary appreciably with temperature; 


rate appears to increase 


lemperature 


The rate of reaction appears to be 
first order with respect to chlorine, 


although the first-order 


c reasing 
tion. 


CHLORINE 
CONCENTRATION 


Tests with various fluorescent and 
filtered incandescent light sources 


wavelength less than 


WAVELENGTH 


reaction velocity constant 


for low light intensities (500 ft.< is 
at 30° C. or 200 ft.-< at 60° C.) the 


constant 
seems to increase slightly with in- 
initial chlorine concentra- 


showed that only light having « 
5000 A 
made any appreciable contribution 
to the BHC reaction. G. E. “blue” 
fluorescent lights having @ maxi- 


PER CENT GAMMA BHC 


The per cent gamma formed de- 
primarily on the tem- 
which the 


decreases ap- 


pends 


perature aft reaction 
carried it 
manner 
12-13% 
been 
the patent 


proximately in a linear 
from 16% at 15°C. to 
at 60°C. This effect has 
noted by others in 
although the 


relationship established was for 


with 


literature (2) linear 


other systems involving solvents. 


Although there may be some indi 


cation that chlorine concentration 


had some effect on gamma forma- 
tion, the effect was relatively 
minor within the ranges of |.5 to 
70 mole % Cl. In 


and the fact that high concentra- 


view of this 


tions promote high reaction rates 
and consequently high tempera 
tures, it was considered desirable 
low concentra- 


localized 


to operate with a 


tion gradient to avoid 


high reaction rates 


Varying wavelength between 
3600-500 A did not affect gamma 
formation. One cannot explain the 
difference between these results 


and 
patent literature 


German 


indi- 


reported in 
(11) which 


those 


cate otherwise 


mum intensity at 4,400 A geve « 
twice 


that of “white” fluorescent lights. 
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around 1.0 
were obtained 
fluorescent 


gave an average value 
min.~'. These results 
with a 30-w. G.E 
lamp irradiating through a 2-in. Pyrex 
well to a 2-in. thick annular reactor vo! 
ume. This lamp referred to previously 
was found to give the highest reaction 


“blue’ 


velocity constants. Other tests conducted 
on light absorption showed that essen 
tially all the light from G.E. “blue” lamp 
of the 
volume from the light surface. 


is absorbed within 1 in. reactor 
that re 
action is initiated primarily at the light 

that prime 
transierring trom 


It can be concluded therefore 


surface and 
factor in 
zones of no light absorption to zones of 


agitation is a 
chlorine 


high photochemical activity, particularly 
where distance away from the light ex 
ceeds 1 in. This effect of light intensity 
on reaction rate is shown on Figure 6 
where & is shown to vary approximately 
linearly with light intensity. 

Two basic problems were confronted 
in the design of an efficient gamma BHC 
reactor. The first and more important 
of these problems involved designing for 
the lowest practical operating tempera- 
ture im that formation 
would be optimum 


order gamma 
The sec ond problem 
involved designing for maximum chlor 
ine conversion so that cleanup oi the 
reaction product would be minimized 

benzene-BHC 
the 


would probably 


For a 
chlorine 
neighborhood ot 32 I 


liquid phase 


system temperatures in 
be the lowest practical minimum operat 
According to studies at 
18-19% 
In order to minimize the 


ing temperature 
Ethyl _ this 
gamma BH¢ 


would produce 
over-all investment required for recov 
ery and recycle of benzene, it was neces 
sary to design a reaction system having 
15% BHC in solution 
limit minimum reaction 
temperature 70 and 80° F 
the crystal point of the solution 
The patent literature (2, 7, 7 
that 
whereby 


a maximum ot 
which would 


to between 


9) has 


since shown solvent systems are 


possible temperatures below 
32° F. can be realized with a proportion 
ate imerease in concentration 
However, unfortunately, there is imsufh 
cient information in the patent literature 
to evaluate fully the commercial possi 
bilities of these systems 

A two-stage reactor was finally de 
veloped (10) with the first stage operat- 
ing to convert a major portion of the 


controlled temperature 


gamma 


chlorine under 


second stage to com 
the 


stage. A 


conditions and a 
plete the conversion of 
chlorine the first 
matic sketch of the two-stage reactor ts 
shown on Figure 7. 

For temperature-control purposes, it 
best for the first 
stage to employ a continuous stirred pot 
supplement 


residual 


from sche- 


probably would be 


with external cooling to 


jacket cooling on the pot. However, in 
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insuring the 
photochemic al 


view of the difficulty of 
proper distribution of 
light in order to get maximum efficiency 
of the reaction volume in a pot-type re 
actor, as demonstrated in the tests, the 
design which was developed involved a 
or pipe-type reactor with internal 
ratio ot average 
thick segment of 


tube 

light in which the 
light intensity/2 in 
reactor volume was constant and geo- 
metrically similar to the test equipment. 
In order to achieve temperature control 
within the first stage or, in effect, to 
control the maximum reaction rate at 
any point such that the reaction heat 
evolved is equal to or less than the heat 
removal capacity, a recycle from the 
outlet of the first stage to the inlet was 
considered. This recycle would accom- 
plish several objectives : 

1 Reduce the initial chlorine concentration within 
the reactor, thereby providing control of the 
maximum reaction rate. 

2 Create a turbulence within the reactor such 
that localized reactions and consequently local- 
ized high temperatures, especially near the light 
surface, would be kept to an insignificant level. 
3 Increase heot transfer rates by the increased 
liquid velocities. 

For the second stage or cleanup sec- 
tion of the reactor, no recycle was em- 
ployed in order to take full advantage 
of initial chlorine concentration. The 
conversion split between the two stages 
such that the 
reaction rate which would be realized in 


was designed, however 


the cleanup section would not exceed 
heat removal capacity at the desired re 
action temperature. 7 

A comparison of the effects obtained 
in a typical two-stage reactor is repre- 
sented on Figure & 
shown based on an initial feed of 15 
wt. % C1. 
reactor employing a 10 
which 
chlorine 


Two curves are 


Curve A is for a two-stage 
1 recycle in the 
result in an 


first stage would 


initial concentration of 2.75 
wt. % with the inlet to the second stage 
set at 1.5 wt. %. The outlet from the 
set at 0.05 wt. %. The 
theoretical split on volumes here is 66% 


second stage is 


to convert 90% of the chlorine and 34% 
for the cleanup section. Curve B is for 
a reactor with no recycle where the 
initial chlorine concentration within the 
reactor is the feed concentration of 15 

The theoretical volume required 
here is only 57% of that required for 


the two-stage. However, as mentioned 
previously, agitation should be beneficial 
in a reactor where light paths exceed 
1 in. and, therefore, the actual reactor 
volume for no recycle would very likely 
be higher than this percentage 

The commercial reactor (6) developed from 
these results, which is shown schematically on 
Figure 9, consisted of thirteen reactor tubes in 
the recycle section and 5 tubes in the cleanup 
section. Each reactor tube consisted of a con- 


centric arrangement of ao 2-in. Pyrex tube in 
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which were inserted two 40-w. fluorescent lomps 
a 4in. Karbate tube enclosing the reactor section, 
and an 8-in. steel pipe enclosing the cooling sec 
tion. Chilled woter at 60° F., circulated in the an 
nulor section enclosed by the steel pipe, re 
moved the heat of reaction which was estimoted 
and checked calorimetrically to be around 190,000 
B.1.u./ib.mole BHC. A reaction velocity constant 
of 1.5 min 
lower constant should probably apply for the 


wos used throughout although a 


cleanup section. This reactor had a chlorine con- 
version capacity of around 600 Ib./hr. and pro 
duced 14 to 15% gamma BHC operating at tem- 
Actual 
design feed concentration wos around 1! wt 
%CI in order to keep the resulting BHC level 
below 15 wt. % of the reactor. 


perotures in the range 90 to 110° F 


nt 
w 
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Fig. 6. Specific reaction rate constant vs 
light intensity 
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Fig. 7. Two-stage recycle reactor 
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From recent developments in the field of fermentation 
is assembled this new approach to the 


process design of aeration 


systems 


for BIOLOGICAL WASTE TREATMENT 


W. Wesley Eckenfelder, Jr. 


he design of aeration systems for 

specific organic wastes requires that 
the mechanics of aeration and oxygen 
transport and the various physical and 
chemical factors which influence them 
should be established. Oxygen con- 
sumption by the biological process for 
various anticipated conditions must be 
known, Aeration equipment must be 
selected to satisfy these process require- 
ments at an economic level. This paper 
presents an approach to the design of 
aeration systems for biological indus- 
trial waste treatment. 

Theoretical concepts relating the 
variables affecting oxygen transfer in 
biological systems have been developed 
by Gaden (28) and others (29, 5). A 
review of the present state of knowl- 
edge has been made by Finn (7). A 
summary of these concepts is presented 
below. 

In order to maintain maximum oxida- 
tive efficiency, aeration equipment must 
be designed to supply oxygen to a 
system at a rate equal to or greater 
than its rate of utilization. In activated 
sludge processes this is accomplished 
usually by oxygen diffused from air 
bubbles injected into the liquid-sludge 
mixture under turbulent conditions 

The rate of diffusion of oxygen from 
air bubbles into a sludge-liquid mixture 
is proportional to the interfacial area 
for transfer per unit volume and to the 
concentration level of oxygen in the 
liquid. The mass transfer rate is there- 
fore equal to the product of the liquid 
film coefficient, the transfer area per 
unit volume and the concentration grad- 
ient. Owing to difficulties in measuring 


Professor Eckenfelder is also a partner in 
Weston, Eckenfelder, and Associates, Newtown 


Sq., Pennsylvania. 
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interfacial areas, an over-all transfer 
coefficient, K,a is usually employed (1) 


dc 

K,a(C, — (1) 
K,a is a function of the bubble size and 
interfacial area, volume of liquid, the 
time of contact of air with liquid, tank 
depth, agitation intensity, and other 
physical and chemical variables char- 
acteristic of the system. High values 
of Kya are indicative of efficient aera- 
tion. 

In a biological oxidation system such 

as the activated sludge process, oxygen 
is being removed from solution by the 
active microbial mass. The change in 
oxygen content of the system may 
therefore be expressed: 
K,a(C,—C,)—K,S, (2) 
Normal biological waste treatment plant 
operation approaches a steady-state con- 
dition where the dissolved oxygen level 
in the aeration tanks is maintained sub- 
stantially constant and Equation (2) 
may be expressed : 


K,a( Ge =e Cy )= K,S, 


Aerating Device 


Single bubbie nozzle 
Impingement unit . 
Grade 60 aloxite tubes 
Aloxite plates 
Colaflex diffuser 
Porous sparger 
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Equation (3) indicates that the 
factors which must be considered for 
aeration design are the saturation char- 
acteristics of oxygen in the particular 
waste as defined by C,, the gas-liquid 
transfer properties of the waste to be 
aerated as defined by K,a, the oxygen 
utilization characteristics of the liquid- 
sludge mass as defined by K,S,, the 
oxygen absorption properties of par- 
ticular aeration equipment, and the 
power requirements of the process 
under study. 


Oxygen Saturation 


Oxygen is a sparingly soluble gas in 
pure water, having a saturation at 
20° C. of only 9.17 p.p.m. in equilibrium 
with the atmosphere. While the solu- 
bility is almost independent of the total 
pressure and the presence of other 
gases, it is directly proportional to the 
partial pressure of oxygen in the gas 
phase. If the partial pressure of oxygen 
in the gas phase is raised, the available 
concentration gradient or driving force 
for mass transfer can be increased. The 
oxygen utilization characteristics of the 
sludge are seemingly unaffected by 
higher oxygen tensions (2). 

The saturation concentration of oxy- 
gen is influenced by partial pressure, 
temperature, and the presence of dis- 
solved and other solids. Since air is 
usually released at a 12- to 15-ft. depth 
in waste oxidation practice, its partial 
pressure is influenced by the increased 
pressure of the entering air. As the air 
bubbles rise through the tank, oxygen 
is absorbed. This reduces the oxygen 
concentration in the gas phase. The 
effect of these factors must be considered 
in deriving a mean saturation value. 
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Teble 1.—Gas Rate Exponent 
Literature 
Cited 
‘ 0.93 ( 5) 
0.80 (15) 
0.85 (15) 
, 0.78 (12) 
.. 086 (16) 
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\/ liquid depth -feet 
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Relation between oxygen transfer coeffi- 
cient, air flow, and liquid depth. 


Fig. 1. 


It may be anticipated that oxygen 
saturation will deviate from pure water 
in wastes of variable composition. For 
example, oxygen saturation in sewage is 
approximately 95% that of pure water 
(3). Various waste streams from pulp 
and paper manufacture have shown 
variations of 85 to 95% of pure water 
saturation. 

Since many wastes must be treated at 
temperatures in considerable excess of 
the prevailing ambient temperature, a 
reduced gradient is available for trans- 
fer. 

Saturation characteristics 
measured polarographically o1 
cally on well-aerated waste samples 

The oxygen saturation C, for any 
particular waste oxidation system may 
be computed : 


P, 
« 
fc 


The effect of water-vapor pressure is 
neglected in Equation (4). While the 
mean gradient for rising air bubbles is 
defined by Equation (4), the gradient 
for surface aeration will be defined by 
C, at atmospheric conditions and the 
gradient during interface formation by 
the partial pressure at the diffuser out- 
let. For practical purposes it is assunied 
these factors produce a compensatory 
effect. 


may be 
chemi- 


C,= (4) 


Oxygen Transfer 


Aeration characteristics are defined 
by K,a which is the product of the 
liquid film coefficient K, and the ratio 
of interfacial area to volume of liquid 
under aeration. The available inter- 
facial area depends upon the mean diam- 


Vol. 52, No. 7 


b 


Oxygen Concentration - ppm 


5 


4 
Time of oceration - minutes 


Fig. 2. Comporative oxygen transfer efficiency 


of water and a paper mill waste. 


the 
most 


eter of the air bubbles in the tank 
air flow, and the tank depth. For 
conventional diffusion devices, the bub 
ble diameter will vary from 2 to 5 mm. 
Over this range the bubble velocity 
through water is approximately 0.75 ft./ 
sec. Tank liquid circulating velocities in 
current practice range from 2 to 5 ft./ 
sec. 


EFFECT OF AIR RATE ON Ka 


At the air flow rates usually employed, 
the volume of bubbles in- 
creases with increasing flow rate 
whereas the frequency of individual bub- 
ble formation remains almost constant 
turbulence in- 


individual 


Bubble coalescence and 
crease with gas rate. For any diffusion 
system under defined conditions a gen- 
eral relationship may be empirically de- 
rived 
K,a 


CG," (5) 


The exponent m has been experimentally 
evaluated for various diffusion devices. 
For a wide range of bubble fineness and 
dispersion Hixon and Gaden (4) showed 
a range of 0.33 to 0.82. Their conclu- 
sions showed that while fine bubble dis- 
persers produce higher transfer at 
air rates because of a larger interfacial 


low 


area, this advantage is lost at increased 
air rates owing to the higher turbulence 
produced by the large bubble spargers 
Some typical values of the exponent n 
for various devices are shown in Table | 
Use of Equation (5) neglects effects 
from variable tank geometry and hy- 
draulics which may produce high tank 
circulating The 
turbulence will carry bubbles across the 
tank and down with the flow, thi 
increasing the holdup 


velocities increased 


action 
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processes 


l2 


Diflusoir spargers in sewage treatment 
aeration. 


EFFECT OF TANK DEPTH ON K.o 


Oxygen absorption in diffused ait 


assumed to occur in three 


A large portion of oxygen 


acration 15 
phases (5) 
solution occurs during bubble formation 
when the interface is created. In a 4-{ft 
depth tank Kountz (6) showed as much 
as 80% of the total absorption to occur 
during interfacial As the 
bubble rises through the tank liquid a 
constant rate of transfer 
the interface, Scouller and Watson (7) 
found a liquid film coefficient K, of 130 
Kountz (6) 
the total ab 
sorption occurred during bubble rise in 
a 4-ft. tank, In terms of over-all absorp- 
equivalent to an 


formation, 


occurs across 


cm./hr. during bubble rise 
showed that only 20% of 


tion efficiency, this is 
increase of 6 to 12% /it. of rise through 
the tank liquid. This over-all rate will 
vary inversely as the bubble diameter 
The bursting of the bubble at the sur 
face and surface turbulence will produce 
Streeter, et al 

reacration at 


additional absorption. 
(a) 
the 
of the 

Since the first and final phases of ab 
than 


related atmospheric 
surface to an exponential function 


urface fluid velocity 


sorption yield higher transfer rate 
occur during bubble rise and are vit 
tually independent ot depth within prac 
tical limitations, K,;a must decrease with 
increasing tank depth. This relationship 
is defined by Equation (6) 


K,a = C(C/D +1) (6) 


Equations (5) and (6) can be combined 
to give a general relationship between 


gas flow, depth, and K,a 


K,a = S(C I/D +1) (7) 
This relationship for two diffusion de 
vices is shown on Figure l 
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Table 2.—Observed Respiration Rates in Biological Oxidation Systems 


Waste Respiration 


active 


Sewage 
Sewage 
Dairy 
Dairy 
Cannery 
Pharmaceutical 
Pulp and paper 


EFFECT OF TEMPERATURE ON Ko 


K,a will be affected by changes in 
operating temperature due to its effect 
on the diffusivity of oxygen in water. 
The Stokes-Einstein equation has been 
modified by O'Connor (9) to define the 
effect on temperature on K,a 


Ky a(ty) 


; (8) 
Tp 


Equation (8) may be employed to cor 
rect K,a at one operating temperature 
to another temperature. 


EFFECT OF WASTE CONSTITUENTS 


Wastes will exhibit variable capacity 
for mass transfer under defined aerating 
conditions. Certain constituents in a 
waste may reduce the mass transfer rate 
to as low as 10 to 20% of that attainable 
in pure water. A concentration of 50 
p.p.m. of certain anionic detergents will 
reduce the transfer rate to 50% that of 
water (10). This reduction in K,a has 
been attributed to reduced shear at the 
bubble boundary and a slower rate of 
bubble rise through the liquid (5). As 
high as 60% reduction in transfer rate 
can be expected in the presence of anti 
foam agents (77). Extensive studies by 
King (12) showed the transfer coeffi- 
cient for fresh sewage to be only 26 to 
46% of water and septic sewage 16 to 
19% water. Oxygen transfer studies on 
pulp and paper mill 
variation in K,a of 60 to 120% of water 
lor 


wastes showed a 
several mill effluents 
The transfer characteristics will also 
vary over the course of the oxidation 
cycle owing to chemical and physical 
changes in the substrates (4). In the 
4-hr 
aeration with activated sludge increased 
the transfer coefficient from 68 to 730% 
to 76 to 10006 of water 
Kraft mill waste resulted in an increase 
from 45 to 79% of 
with 


treatment of domestic sewage, 


Treatment of a 


water after three 


hours’ aeration activated sludge 
This variation is probably due princi 
pally to changes in the interfacial area 
unit the 


aeration of show 


per volume, Observations of 


sewage andl wastes 
transitions in the nature of air disper 
sion Most 


systems go through a nonfoaming fol- 


as the oxidation proceeds. 
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Literature 
Cited 


(20-22) 
(20) 
(23) 
(23) 
(24) 
(25) 
(26) 


Rate 
mg. O,/hr./g. sludge 


76 (avg. max recorded) 
10-15 


lowed by a foaming phase, finally fol- 
lowed by no foaming as the oxidation 
process approaches completion. Since 
most available data on aeration equip- 
ment based on mass 
transfer pure 
or sulfite solution, design data should 


performance is 
characteristics in water 
include transfer rates in wastes relative 
to pure water as defined by the co- 
efficient a. 

Such data may be obtained by non- 
steady-state aeration under standardized 
conditions (5) or by comparative sulfite 
oxidation tests (13), 

In the former procedure metered air 
is diffused into a measured volume of 
waste initially deaerated with nitrogen. 

The content is 
measured at 
Usually, readings need be made only to 
9% of saturation. A transfer plot can 
he obtained over a 5- to 10-min. sampling 
cycle applying 0.1 to 0.2 cu.ft./hr. of air 
to a liter graduate of waste through an 
Aloxite diffuser stone. The transfer co- 
efficient K,a can be computed from the 
slope of an exponential plot of (C,—C,) 
vs. time of aeration. Comparison of the 
transfer coefficients for particular wastes 


dissolved oxygen 


selected time intervals. 


with water will be indicative of the rela 


tive efficiency of aeration. A compara 
tive plot of transfer characteristics for 
pure water and a paper mill effluent is 
shown on Figure 2. 

Transfer rate characteristics may be 
compared also by sulfite oxidation. Air 
is admitted to samples of water and 
waste approximately 9.2 N in sulfite ion. 
Copper or cobalt should be added as a 
catalyst. Unoxidized sulfite ion is meas 
ured at selected time intervals by 

The slope of the sul 
will reveal the 

King (12) 


computed coefficients from sulfite oxida- 


metric titration 
oxygen 


she »wed 


fite-time curve 


absorption rate 
tion to be higher than water. Compara- 
tive studies on several wastes revealed 
favorable relative comparisons between 
sulfite oxidation and the nonsteady-state 


data 


Oxygen Utilization 


Oxygen utilization may be defined as 
the weight of oxygen consumed per unit 
weight of biological sludge per unit of 


time. It is usually expressed as mg. 
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O,/hr. /g. sludge. The total oxygen up- 
take rate in a system will be the product 
of the unit rate and the sludge concen- 
tration the tanks 
Over the range of sludge concentrations 
usually employed, this relationship will 
be linear. 

The uptake rate characteristics will 
vary as the sludge passes through var- 
The rate can be gen- 


carried in aeration 


ious growth stages. 
erally considered in two phases; active 
respiration which occurs in the presence 
of nutrients is characteristic of a 
growing sludge, and endogenous respira 


and 


tion which is the autooxidation of cellu- 
lar tissue. The endogenous respiration 
rate is 5 to 10% of the active respiration 
rate, 

The oxygen consumed during active 
respiration can be directly related to the 
B.O.D. removed in the aeration system 
(14). The 


is usually expressed as a 


per unit time endogenous 
respiration 
percent per day of the volatile sludge 
solids under aeration. In practice, this 
rate will decrease with time var- 
ious cellular constituents differ in case of 
oxidation. 

The total oxygen requirements for a 
biological system may therefore be re- 
lated to the quantity of organic matter 
removed and the concentration of sludge 
solids under according to 


Equation (10). 


since 


aeration 


lb. O,/day = a tb. B.O.D. removed /day 
+ b tb. M.L.V.S. (mixed liquor volatile 


solids ) 


(10) 


The constants a and b for this relation- 
ship must be experimentally evaluated 
for any particular waste oxidation sys- 
tem. A typical relationship for a pulp 
and paper oxidation is shown in Figure 
3. The oxygen utilization rate charac 
teristics for various waste oxidation sys 
tems are shown in Table 2 

The utilization rate for prototype de 
sign can be computed from Equation 
(10) or estimated statistical 
analysis of rate data under anticipated 


from a 


These data are ob- 
pilot plant 


loading conditions. 
tained from laboratory or 
studies. 

In the long rectangular aeration tanks 
activated sludge 


used in conventional 


practice, the sludge-liquid mixture is 
rolled down the tank length with a spiral 
motion As the 
B.O.D. in the influent waste undergoes 
the 
decreases approaching 


This level 
proached toward the end of the aeration 


imparted by the air 


oxidation and synthesi oxygen 


utilization rate 
the endogenous level iS ap- 
basins. The mean utilization rate is de- 
fined by the B.O.D. removed and the 
mixed liquor suspended solids carried in 
the aeration tanks as shown by Equation 
(10). The utilization rate at any point 
in the aeration tanks may be related to 
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‘ 
> 
10-20 
endogenous 1.85-9.8 
active 40-45 
endogenous 410 
active 35 
active 
ty) 


time otf tank length (see 


Figure 4). The endogenous respiration 


aeration or 


level can be estimated by the extrapola- 
tion of the to a zero removal 
shown on Figure 3. 

to take 


rate curve 
level as 

In order 
of this decreasing 
through the 
aeration can be employed 


economic advantage 
utilization rate 
tanks, 


K,a can be 


aeration tape red 
adjusted to meet the necessary demand 
by increasing or reducing the number of 
individual aeration assemblies along the 
tank 
be regulated at each point in the aerator 


length, or the air rate can 


by appropriate valving. In the deriva- 
tion of a tapered aeration design the 
variation in A,a with oxidation must be 
The value of A,a relative 
will increase with oxidation 


considered 
to water, a, 

\ tapered utilization rate will usually 
found when circular 


not be square of 


tanks are employed. The homogenizing 
effect of the 
tend to equalize the utilization rate at 
the mean level. 

The 


measured by the direct absorption of 


agitation and aeration will 


oxygen utilization rate can be 


gaseous or dissolved oxygen wherein 


utilization is determined by a 
gas 
examples 


oxygen 
volume orf 
the 


variation in pressure 


Typical Sierp and 
Warburg assemblies 


The polarographic analysis may be 


are 


used in which the decrease in oxygen 


concentration in a near-saturated sludge 
half or one- 


sample is measured at one 


minute intervals. The utilization rate is 
the slope of the concentration-time curve 


rhe 


usually in 


utilization rate can be determined 


five minutes or less, which 
renders this method especially suitable 
for plant operation and control testing 

Use of the 


utilization rates offer 


oxygen gas analyzer for 
the advantage of 
analysis under condi 


This 


true 


pl int operating 


tion will more closely approxi 


mate a value since turbulence and 


other system characteristic which will 
influence the magnitude of the uptake 


rate, are considered in this analysis 


era! Equator 


+ 8 (ibs of Sludge in Aerator) 


ios of Required /Ib of Siudge 


ibs of of BOD, Removed 


In many waste where the 


respiratory 


Systetis 
quotient of the sludge is 
approximately 1.0, the rate of CO, out 
put of the sludge can be used as param 


eter of oxygen consumption 


Aeration Equipment 


The success of an aeration system t 


perform according to design will depend 
upon the ability of the aeration equip 
ment to supply the requisite quantity of 
oxveen 

There are three basix types Of acration 
devices commercially available 
small orifice diffusion units such 
tubes con 


fa) 
as porous media, plates, or 
structed of silicon dioxide or aluminum 
oxide grains held in a porous mass with 
i ceramic binder. Competitive units in 
clude saran- or nylon-wrapped tubes or 


These 


placed in the bottom of an aeration tank 


bags units may be permanently 
or suspended from flexible joints along 
the tank. When air is 
diffused these helical 
or screw the 


ai 


sidewall of a 
through units, a 
motion is imparted to 
sludge-liquid mixture \ 
flow must be employed to prevent ck 
solids on the tank 


High maintenance costs may be 


position of sludge 
bottom 
encountered in some waste applications 
due to orifice clogging, et 

(b) units employing a mechanical or 
uir shear such as the impingement or 
jet aerator. The jet aerator pumps liquid 
from the aeration tank 


The 


atmospheri air or agg 


through a piping 


manifold. unit aspirates and di 


perse irom a 
blower within the capacty of the ejector 
consideration 


Power consumption ie a 


circulated at 25 to 30 
(oritice 


since the liquid i 


lb./sq.in, pressure clogging 
problems may result in certain applica 
tions, 
The 
water 
tanks a 
bles di charged from a large orifice 


the 


impingement aerator employs a 
air lifted from the 


ration 
bub 
The 


impingement 


tream 
a she iring device tor alt 


control variable are 


3 


Unt Uptome Rote mg Aw Sugge 


processes 


hquor flow, air flow, and the location of 


to the au 
filter i 


e relative or 


rece ity ait 


the water nozz 
hee 


The 


usually eliminated 


(c) mechanical aerators which 


train atmospheric oxygen into the slu 


by surface agitation, or disperse con 


pressed air by a shearing and pumping 
action employing a turbine or 
In the latter 


are discharged from a 


rotating 


unit, air 


pipe 


igitator and are broken 


agitator 
parge 
ring beneath the 
ol the oh 


up by the action 


speed 


ring 
blade ol the 


moving through the liquid, The 


rotating igitator 
relative 
effect of liquid pumping and air shear 
ize of the agitator 


tank. For 


ot low-oxygen utilization rate, oxygen 


depends upon the 


with re pect to the tem 


may be supplied by air self-induced 


irom a negative head produce 


This eliminates the nece 


rotor 
external blowers or compressor 


Diffused Aeration Performance 


The | 
es depends upon the ch 
bubble 
bulence yet 


ved that the 


performance of air diffusion ce 
iracteristh 
produced and the tur 
Kounts 


of the am 


erated the yaten 


(6) she creation ot a 


toot of interfacial area involves the san 


energ evardle of the aerating «ck et 


en pl yvved and he aleo illustrated that a 
nm exce of this umed tor 


characteristi ol 


powell con 


oxveren transtier and powet 


varwn seration ¢ juip 
oxidation 
lable | alvle 


everal wast y 


ment derived from 
hown om 


field data 


tucies are 
irom 
em 

normally de 


\eration tank 


Inolowical oxidation employing air dif 


i 
os os 8668 


or os oe 


Ibs of S-dey BOO Ramoved/ doy/\b of Sudge Under Aeration 


Fig. 3. Relation between oxygen consumed ond B.0.D. removal for o 


paper mill waste. 


Vol. 52, Ne. 7 


Fig. 4 


Variation 


Tore Length in feet 


in vtilization rote with aeration tank length 


ond 8.0.0. loading level 
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usion units vary in depth from 10 to 
15 ft. The maximum width to depth 
ratio to insure adequate circulation is 
2:1. Diffusion units are generally placed 
2 ft. above the floor of the aeration tank. 

The impingement-type aerator is 
usually installed in headers up to 40 ft. 
in length with impinger bowls and water 
nozzles saddle mounted to the air and 
water headers on 15- to 24-in. centers. 
Each unit is designed to diffuse 4 to 16 
cu.ft./min. air with an impinger liquor 
flow of 15 to 20 gal./min. The bubble 
size released depends on the quantity 
of impingement liquor flow delivered by 
the circulating air-lift pump. Absorp- 
tion increases linearly with impingement 
liquor flow over the range normally em- 
ployed in practice. The power required 
for pumping impingement liquor is 8 
to 15% of the total power for aeration. 
Over the normal operating range trans- 
fer efficiencies of 10 to 12% can be ex- 
pected based on sulfite oxidation tests 
(15). 

Standard porous diffuser units are de- 
signed to deliver 4 to 8 cu.ft. /min./unit. 
The absorption efficiency depends on the 
size of air bubbles released; this in turn 
depends on the type and porosity of 
diffuser unit. King (172) has shown the 
bubble diameter to vary from 2.5 to 3.8 
mm. for 40 to 80 porosity tubes or 
plates. By the use of the 60 porosity 
tube as a base, a 40 porosity unit will 
be 115% as efficient and, an 80 porosity 
unit 85% as efficient. 


In order to maintain adequate circu- 


Air rate’ 
Volume  std.cu.ft./ 
unit min. 
Unit cu.ft. unit 
1. Impingement ..... 300 a 
300 63 
300 8 


lating velocities, a minimum air flow of 
3 cu.ft./min./lineal foot of tank must be 
maintained. The minimum spacing of 
units is 6 in. and the maximum spacing 
2 ft. 

Diffuser plates, designed to cover 5 
to 10% of the tank area, are usually 
placed along one side of the bottom of 
an aeration tank. 

A wide range of oxygen absorption, 
depending upon the selection of operat- 
ing variables, can be obtained with the 
jet aerator. Studies by Kount (6) 
showed that the rate of dissolved oxy- 
gen supplied is a function of the nozzle 
stream surface velocity as is also the 
air volume aspirated. For various units 
0.66 to 1.0 Ib. O./hr. can be transferred 
at liquid pumping rates of 34 to 44 gal./ 
min. These values can be increased by 
about 50% by supplying additional air 
with a blower. An 18.3 to 20.1% ab- 
sorption has been reported by Hauer in 
sulfite oxidation (27). 

Other diffusion units operating under 
similar principles include the Colaflex 
diffuser and the Diffusair assembly. 


Mechonical Aeration Performance 


The turbine aerator finds principal 
application in the treatment of high 
B.O.D. industrial wastes. While the ab- 
sorption limit of most diffused aeration 
units is 150 Ib. O,/day/1,000 cu.ft. 
mechanical aerators can disperse as 
much as 600 Ib. O,/day/1,000 cu.ft. 

In the turbine unit air is discharged 
from a large diameter orifice beneath 


Table 3.—Oxygen Transfer and Power Characteristics of Aeration Equipment 


SULFITE OXIDATION DATA* 


Oxygen" 

transfer tb.0,/hr./ tb.O,/hr./ Hp./ 
Kia eft. unit 1,000 gal. 1,000 gal. 
3.3 15.2 0.63 0.28 0.08 
35 10.7 0.70 0.31 0.13 
47 10.9 0.91 0.41 0.16 


11.5 1.51 0.25 


the rotating blades of an impeller. As 
the speed of the impeller is increased, 
the bubble size is decreased and the 
holdup increased, thus the total in- 
terfacial area is increased. Bubble 
diameter has been shown to vary 
inversely as the three-halves power 
of the peripheral speed (17). As the 
bubbles rise away from the impeller, tne 


mean diameter increases owing to 
coalescence. 
Oxygen absorption in the turbine 


aerator will be a function of the air 
flow rate and the power input to the 
rotating agitator. A general relationship 
can be expressed by the formula 


K,a~ V*,(hp.)* (11) 


With gas flow rate expressed as su- 
perficial gas velocity, V, is convenient in 
turbine design since l’, is independent 
of tank size for geometrically similar 
impellers and vessels. 

Data obtained on sewage oxidation in 
a 3-ft. square tank with a 3-ft. liquid 
depth and 4-in. diam. impellers are 
shown on Figure 5. The exponents x 
and y in Equation (11) have been 
evaluated for several systems and are 
shown in Table 5. 

Other formulations have shown the 
oxygen-transfer efficiency to be directly 
proportional to the three-halves power 
of the peripheral velocity and inversely 
proportional to the square root of the 
ratio of the total air flow to the peri- 
pheral area (18). Relating air flow to 
peripheral area is functionally similar 
to employing the superficial gas velocity 


Depth Kw.hr./ 

ft. Ib. O, abs. Equipment 

15 0.21 18 gal./min. liquor flow 
15 0.29 


15 0.28 


. . 


3. Aloxite tubes ..... 300 4 
300 8 

4. Drilled pipe ..... 240 . 
5. Jet aerator ...... 100 a 
6. Colaflex diffuser .. 240 4 
3800 72 


42 52 0.43 0.36 0.16 


5.8 0.96 0.32 


2.8 13.5 0.56 0.26 0.07 
5.1 12.1 1.00 0.37 0.14 
1.5 5.1 0.23 0.13 0.08 
110 14.0 0.63 0.84 0.60 
30 10.5 0.47 0.26 0.08 
8.7 10 20.3 0.72 0.32 
8.7 25 20.3 0.72 0.37 


Notes: Nos. 1-3 all placed 18 in. off aeration basin floor. 
‘alr density—0.0746 |b./cu.ft.; tank temp. 20° C. 


* zero oxygen level in aeration tanks 
* data of Dreier (15) and Kountz (6). 


8 0.25 
8 0.33 
0.30 


15 0.20 porosity 60 
15 0.28 
12 0.46 15 Yin. holes 
5 0.53 
12 0.23 
12 0.33 
12 0.38 
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processes 
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4. 


4 


Rotor peripheral speed - feet / min. 


Fig. 5. Oxygen transfer characteristics of turbine aerators in sewage 


oxidation at 3-ft. liquid depth. 


Temp. 
Unit 
. Colofiex ... 
. Impingement 
. Drilled pipe 
. Jet 


7 
36 
33 
25 
23 


l’,. Since the proportion of power input 
to the agitator and air source is varied, 
oxygen transfer efficiencies of 10 to 50% 
can be attained. This will result in a 
variation in power of 0.25 to 0.5 kw.- 
hr./Ib. Og absorbed. The maximum air 
flow to an agitator has been reported as 
15 to 20 cu.ft./min./sq.ft. of peripheral 
area (18). 


Power Requirements 


When the concentration of dissolved 
oxygen solution exceeds 0.2 to 0.5 
p.p.m., the rate of microbial respiration 
is independent of oxygen concentration 
Below this level respiration is retarded 
due to unsaturation of the oxygen en- 
(4). In addition to the 
maintenance of oxygen levels in excess 
of the critical level, power must he 
supplied for mixing. Sludge cells tend 
to clump, hence to decrease the quantity 
of oxygen which can be transferred to 
them. The rate of oxygen diffusion into 
the sludge is related to floc size, diffusiv- 
ity, oxygen utilization rate, and the 
oxygen concentration level in the liquid. 


in 


zyme systems 
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1000 


a2 


in sewage oxidation. 


Air flow 
std.cu.ft./min. 


Depth 
unit p.p.m./hr 


ft 


12 
15 
12 
16.5 
15 


5 1446 
14 30.0 
13.9 
18.5 
40.0 


17 
12.3 


Increased power levels will disperse the 
sludge and increase the transfer rate 
For average sewage oxidation maximum 
oxygen penetration will occur when the 
unit sludge radius does not exceed 100 
to 200% (20). The effect of power level 
on oxygen utilization rate for a sewage 
oxidation system is shown on Figure 6 

The power level is limited, however, 
by the necessity to avoid excessive floc 
shearing for subsequent  solid-liquid 
separation. With turbine aerators in the 
aero-accelerator unit, Kalinske (1/8) 
showed the maximum peripheral speed 


os 


04 06 08 


Horsepower /!O00 gal of aeration tank 


Fig. 6. Relation between power absorbed and oxygen vitilization 


Table 4.—Operating Data for Various Waste Applications 


ef. 
% 


max. grad 


5.5 
94 
2.3 


Ib.O./hr 
1,000 gol 


Ib.O,/hr. 


unit 


0.38 
1.12 


0.18 


10 ft Other studies (20), 


pe nding upon the characteristi 


as set 


of 
sludge in the system, have shown the 


maximum power level to be 


mately 0.7 hp./1,000 gal 


approxt- 


Aeration Design 


For practical design considerations it 
be that the of 
oxygen transferred per unit time by an 


may assumed quantity 
air diffusion unit within the critical area 
of air dispersion is a function of depth, 
temperature, gas flow, and waste char- 


Table 5.—Gas Absorption and Power Relationships for Mechanical Aerators 


author's unpublished data 


Literature Cited 


(11) 

(13) 
A 
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ff 
poe: | Bet 
Ball 
A 
Coo 
| 
| | | 
Q3 
100 = Te 
P.p.m | 
36 2.11 
3 23 26 0.17 
4 4.15 3.4 64 1.12 0.27 
5. Soran tubes sewage 15 5.0 6.2 1.32 0.067 
. 
Exponent 
System y 
Sulfite . 08 os 
Sulfite . 0.67 0.95 
Sewage . 0.80 1.54 
Sewage .. 0.71 1.10 
Dairy waste 0.39 0.54 
Cannery woste . 0.70 


Aw Flow~-sctm 


Fig. 7. Oxygen transfer choracteristics of dif- 
fuser units in sulfite solution at 20°C. and 
13-41. submergence depth. 


Equation (12) provides a 
relationship for design at 


acteristics 
convetment 
specific temperature and depth 


Kya = CGP «A/V, (12) 


In gas absorption systems employing 
turbines, Cooper, Fernstrom, and Miller 
(13) employed an absorption number 
K,a/V The transfer characteristics 
of diffusion units at specified depths may 
be similarly related by the absorption 
number A,al,/G," 

Data for various diffusion units ce 
.ived from sulfite oxidation at 20° C. are 
shown in Figure 7, 

In diffused aeration systems K,a may 
he varied by the following 

(a) unit-spacing selection—minimum 
spacing is limited by interfering air 
diffusion patterns and maximum spacing 
by that necessary to maintain adequate 
tank-circulating velocities. 

(b) bubble size—bubble size in por 
ous diffuser units depends on permeabil 
ity and in the impingement-type unit 
on the circulating liquor flow. 

(c) air flow—the limiting range of 
air flow for most units is 4 to 8 cu.ft. 
min, /unit 

In turbine aerators K,a may be varied 
by either the impeller speed or the air 
flow 

A suggested design 
aeration systems in biological oxidation 


procedure for 


processes is outlined below: 

1. Compute the oxygen saturation 
characteristics, C,, at process operating 
temperatures and pressure for the par- 
ticular waste to be treated according to 
Equation (1) 

2. The minimum operating dissolved 
oxygen level should be maintained be- 
tween 0.5 and 1.0 p.p.m. to insure aerobic 
action, 

3. The B.O.D. removal requirements 
are usually established by stream condi 
tions or state standards. Aeration re- 
quirements and biological solids level in 
the aeration tanks are defined by labora 
tory or pilot plant studies, The unit 
oxygen uptake rate for various B.O.D 
removal levels can be estimated from an 
experimental plot such as Figure 3. 
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4. The oxygen demand distribution 
will be a function of time of aeration. 
This may be obtained by a laboratory 
study. The actual demand distribution 
in the aeration tanks will depend on the 
hydraulic characteristics of the particu- 
lar tanks as designed. A load distribu- 
tion curve such as illustrated by Figure 
4 is employed 

5. K,a for each section of the system 
can be computed from Equation (3). 

6. Aerator performance in sulfite solu 
tion at 20°C. and 13-ft. submergence 
depth can be obtained from Figure 7 or 
from data similarly derived. The operat 
ing K,a derived from Equation (3) 
must be corrected for temperature if the 
operating deviates from 
20° 
cient, a, of the specihic waste 


temperature 
'. and for the oxygen-transfer coeffi 


7. From Figure 7 (or a similar plot) 
the unit air flow-volume factor to trans 
fer the required oxygen is selected, 

8. After a tank width and an air flow/ 
unit has been selected, the unit spacing 
is computed, 

9. This should establish the design 
for the most severe operating conditions 
Under less severe conditions (winter 
operation, lower B.O.D. loadings, etc.), 
the reduced required air flow can be 
computed in a similar manner. 


Presented at Forty-eighth Annual Meeting, 
A.A.Ch.£., Detroit 
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Notation 
= 
= 
= 
= 
= 
20 


Box-type mixer-settler units, an economical and highly effi- 
cient type of countercurrent extractors, are becoming 


increasingly popular in the chemical industry both on a 


laboratory and a plant scale (2, 3, 4, 5). 


This paper 


describes a graphical method for designing these counter- 


current extraction units with respect to flow capacity. 


design of box-type, countercurrent 


MIXER-SETTLER UNITS 


RE. R. (raef and P Foster 


in cascade system of indi- 
vidual mixing chambers and settling 
chambers ha 


economic disadvantages 


arising from the high cost of vessels, 
pumps, instrumentation, piping, and sup 
porting structure. [This shortcoming has 
been overcome by placing the extraction 
decanting stages side by side, thus form 
ing a boxlike unit consisting of several 
compartments. Fluid flow is promoted 
both by the density difference of the two 
liquids and also by the energy derived 
directly from the agitator. 

The plan view ola typical three stage 
mixer-settler unit is shown in Figure 1. 
The mixing and settling chambers are 

2, 5, 8 and 3, 6, 9, 


indicated by 2, 5, respec- 


tively. Chambers 1, 4, 7 are impounding 
sections Pheir primary purpose is to 
prevent the backflow from the mixing 


chambers from reaching the adjacent 


settling chambers. The lighter phase en 
1 and flows 2, 3, 4, 5, 6, 7, 8, 9, 
and out. The heavy phase enters 7 and 
flows 8, 9, 4, 5, 6, 1, 2, 3, The 
broken lines indicate the interstage and 
flow of both 


ters 
and out 


intrastage flow port Thee 


liquids within a stage is cocurrent, 


whereas between stages it is countercur- 


rent. For the sake of clarity, this three 
stage unit is shown in Figure 2 with 
each tage ina single plane Repre enta 


tion in this fashion necessitates showing 


Messrs. Groef and Foster are in the Polychemi- 
cals Department. 

The derivation of various equations relevant to 
this development is on file (Document 4873) with 
A.D.1. Auxiliary Publications Project, Library of 
Congress, Washington, D. C. Material obtain- 
able by remitting $1.25 for photoprints and 
$1.25 for microfilm. 


Vol. 52, No. 7 


E. |. du Pont de N 


— factors affecting capacity 


Wilmington, Delaware 


the heavy-phase flow between stages in 


external piping. In with the 


box like 


practice 


design, the heavy phase flows 


through the interstage ports in the 
chamber walls. 


Three basic considerations in the de 


ign of mixer-settler units are 


A. design for adequate mixing 
B. design for adequate settling 
C. design for desired throughput copacity 


Principles governing the design of 
mixing and settling chambers have been 
widely published (7, 6-15). The desigt 
for desired throughput capacity is dis 


cussed below 


Flow Capacity 


In the two extreme cases of no agita 


tion and thorough agitation in the mux 


ing sections, principles governing liquid 
flow through mixer-settler units are 
quite different Conservative design 


practice 18 first to siz the unit for the 


desired throughput im the case of zero 
agitation and then, by irrange 
baffles, 


can be obtained with agitation 


prope 


ment ot equal or greater flows 


CAPACITY WITH ZERO AGITATION 


hown in 


The layout elevation view 
Figure 2 is used to aid in the presenta 
tion of the proposed procedure for cal 
culating the throughput capacity of 
mixer-settler units. With no agitation 
gravity flow is relied upon and levels in 
each chamber are dependent on levels in 
every other chamber. A quantitative 
mathematical analysis of the flows re 


quire the solution of many imultaneou 
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equat on ol powers up to tive (tor a 


3-stave unit) or a tedious trial-and-error 


calculation, The gt iphical method pre 
ented here greatly simplifies this caleu 
lation 

The relationship which exists between 
tat 


pressure and liquid depth in each 


chamber is important for a qualitative 


understanding of the various factors 
affecting flow (Figure 3) For any 
given chamber, the pressure increases at 
a constant rate when going downward 
in one phase At the interface there 1 


i sudden change in slope as shown, The 
top liquid level falls between chamber 
(and stages) im the direction of flow 


The liquid 
hetween 


the 


(1-9) of the light phase 
liquid interface level also fall 
the direction of flow of 
The 


tages m 


heavy pha c change m intertace 


level between chambers within a given 
stage, however 8 «not consistent i 
hown, and will be discussed in detail 
he pressure distribution shown (Fig 
ure 3) satisties the qualitative require 


throughout the 


The light pha 


flow 


unit 


ment lor wravity 


entire three-stage 


will flow from 1 to 2, from 2 to 3, and 
then between stages from 3 to 4, and so 
on. The heavy phase, in turn, will flow 
from 4 to 5, 5 to 6, and then from 6 


to 1, as required for countercurrent flow 
between tage 
The following assumptions were made 


in preparing the pressure gradient dia 


yram 


a. The only re to flow are in the 
witrastage ports f and 
and Thu 


expre ion of the pressure 
given 


istances 
ports, (14 the 
amd the 
permits the 


interstage port { 


gradient within a chamber by a 


single curve 
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MIXER 


2 


SETTLER 


SETTLER 
6 
MIXER SETTLER 
| 


LIGHT PHASE FLOW o——- 
HEAVY PHASE FLOW o—~- 


* BAFFLES 


MIXED TWO PHASE FLOW 
WHEN AGITATORS ON 


oo 


Fig. 1. Plan view of a three-stage mixer-settier unit. 


b. The density of each phase remains 
the same throughout the unit. Variations 
in density between stages will be discussed 
later 

An inspection of this pressure dia- 
gram shows that the maximum through- 
put for a mixer-settler unit will be de- 
termined by the over-all change in 
height of the top liquid level, causing 
the light phase to overflow the equip- 
ment in chamber 1 (Figure 2), or by the 
over-all increase in height of the inter- 
face, causing the heavy phase to flow out 
the light-phase exit port in chamber 9. 


' 2 3 4 5 
PHASE IN 
Two 
PHASE 


INTERFACE | 


THEAVY PHASE 


The graphical calculation presented here 
evaluates the change in interface level. 
However, the total change in the top 
liquid level can also be determined and 
should be allowed for in the design. 

For the interstage ports (that is, be- 
tween 3 and 4 for the light phase or 
between 6 and 1 for the heavy phase in 
Figure 2), only one phase is flowing 
and the pressure drop calculation is 
straightforward (11). 


AP = —— (1) 


HEAVY PHASE 


HEAVY PHASE HEAVY PHASE 
ouT IN 
STAGE | STAGE 2 STAGE 3 


*# NOTE: BAFFLES AY PORTS A AND 8 CLOSED ON SIDES AND OPEN AT TOP AND 


BOTTOM 


Fig. 2. Unfolded elevation view of three-stage mixer-settier, agitators not operating. 
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For the intrastage ports (that is, be- 
tween 1 and 2 or 2 and 3 in Figure 2), 
two phases, unmixed, are flowing 
through a center opening. The pressure 
drop calculations here are somewhat 
more complicated and a change in inter- 
face level normally occurs in going 
through the port. 

In order to facilitate the calculations, 
the concept of the “normal” position of 
the interface must be introduced. The 
normal interface is defined as the inter- 
face position at the entrance to an intra- 
stage port, which results in the same 
pressure drop across the port in each 
phase. This is essentially true, when the 
port area occupied by the flow of each 
phase is proportional to the relative vol- 
umes of each phase flowing. Under these 
conditions, the interface on the down- 
stream side of the port is assumed to be 
at the same height as the height of the 
interface entering the port. The pres- 
sure diagram for this position is shown 
in Figure 4 (a). 

When the entering interface level is 
caused to differ from the normal level, 
there will be an additional change in 
interface in going through the port. For 
example, if the entering interface is 
above the normal position due to condi- 
tions elsewhere in the unit, the pressure 
gradients shown in Figure 4 (b) will 
exist. The area for light-phase flow is 
at most between point /, (upstream in- 
terface) upward to the top of the hole. 
Because the area for flow of the light 
phase is less than that at the normal 
interface position, the velocity and con- 
sequently the pressure drop for flow of 
the light phase must be higher than that 
for the heavy phase (which has a larger 
relative area available for flow). There- 
fore, the interface level will rise in go- 
ing through the port if the entering in- 
terface level is above the normal posi- 
tion. 

The amount of this interface rise or 
fall can be evaluated in the following 
manner. A plot is introduced in which 
the pressure drop (AP) in a horizontal 
plane through a port is plotted against 
its (that is, the horizontal plane's) ver- 
tical position in the port. It is generally 
most convenient to represent this inter- 
face position as fraction of port height, 
h/d; where h is the height of interface 
level above the bottom of the port and d 
is total height of port. Pressure drop 
will be expressed as feet of water head 
in this paper. In Figure 5 the solid lines 
represent the typical case given in Fig- 
ure 4b. Up to point /, (the level of the 
entering interface) in this example, the 
pressure drop resulting from flow 
through the port for the heavy phase, 
AP y, is constant and at a value less than 
OPy (the AP if the interface were at 
the normal position). From point /, 
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upwards (above the downstream inter- 
face) the pressure drop for the light 
phase, AP,, is again constant, but at a 
value higher than APy. The change in 
pressure drop with respect to the loca- 
tion (A) within the port and between 
the two interface positions (/, and /,) 
is a function of the difference in density 
between the two phases. Thus, in terms 
of the light phase head 


daP pH — pL 
pL 


(feet of light phase head /unit change in 
interface height) 


(2) 


The reciprocal of Equation (2), ex- 
pressed as a fraction of port height 
(Ah/d) and as feet of water head 
(pH,O = 1), is Equation (3) which 
represents the slope of the line joining 
the interface positions, that is, /, and J», 
when the coordinates are constructed as 
in Figure 5. The slope will be positive 
when the entering interface is above the 
normal interface position and negative 
when below the normal position. 


dah/d _ l 3 
dap (pu (9) 
For a given equipment and flow there 

is actually an infinite number of these 

variable AP lines, depending on the posi- 
tion of the entering interface which can 
vary throughout the unit. Typical ones 
are shown by the dotted lines AP, and 
AP, in Figure 5. This family of 
variable AP lines can be defined by two 
additional curves which are the locus of 
all points /, and /, (heights of the inter- 
face at the upstream and downstream 
sides of the port) vs. the AP required 

The formulas for the 

points /, and /, constitute 

operating lines used in the graphical cal- 


for these heights. 


locus of 


culation of flow capacity being presented 
here, and can be obtained by calculating 
the pressure drop required to give flow 
of each phase through various percent- 
ages of the total port area. In order to 
simplify the calculation of these operat- 
ing lines the following assumptions are 
made : 


a. Only flow through the areas of con- 
stant AP are considered, that is, those 
areas where one phase is on both sides of 
the port. Where the AP (and velocity) 
are changing, the flow is assumed to be 
zero. The error introduced by this assump- 
tion is generally negligible. This is dis- 
cussed in a later 

b. The port openings will be rectangular 
For other shaped ports the equations 
would be somewhat different. 


section 


Making these assumptions gives rela- 
tively simple equations for the operating 
lines. As previously indicated, the con- 
cept of velocity heads is used for calcu- 
lating the pressure drop, Equation (1). 
If a is the fraction of port height cov- 


Vol. 52, No. 7 


ered by the heavy phase at the normal 
interface position and # is the distance 
from the lower interface to the normal 
interface for the port considered (as a 
fraction of port height), then 


? 2 
(4) 
APy x)? 


(x values are negative when below 
normal ) 


For the light phase let b represent the 
fraction of port height covered by the 
light phase at the normal interface and 
y represent the distance from the higher 
interface to the normal interface ex 
pressed as a fraction of port height. 


Then 

4P, _ b? 
“AP y (b— y)? 
(y values are negative when below nor- 
mal). 


(5) 


Having calculated A/’y, Equations 
(4) and (5) give a diagram as shown 
in Figure 6 (solid lines). These curves 
give the pressure drop required to get 
the desired flow through the port height 
indicated; in this calculation the pres 
sure drop through the regions of var 
iable AP is ignored. This diagram, to- 
gether with the slope of the variable 4? 
lines, is sufficient to calculate the total 
interface rise for the two-phase unmixed 
flow through any number of cocurrent 
ports. For example, starting with an in 
terface level as given by point /, (Fig 
ure 6) and proceeding along a line of 
slope given by Equation (3) to /», give 
the interface level on the downstream 
side of the first port. Continuing from 
I, to Is gives the level on the down 
stream the Any 
number of cocurrent resistances can be 
handled in this way 


side of second port. 


after two 
have 


unit 


stage 


In the mixer-settler 
cocurrent ports in a 
passed, the two phases are separated and 
each flows to one of two adjacent stages 
An appreciable change in interface nor 
mally accompanies this flow from stage 


bee 


to stage. Figure 7 shows the pressure- 
depth diagram for two adjacent stages 
For example, going from the upstream 
interface (point /,) in the first stage to 
the downstream interface (point /,) in 
the next stage (upstream for heavy 
phase flow) effects a rise in the inter- 
face equal to AH. ASH can be calculated 
from Equation (6). 


4H, (- ) (6) 
Pu d 
where 
d = port height 
4H, _¢ = interface height change be- 


tween chambers 1 and 6 
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Fig. 3. Static pressure vs. depth for a three-stage 
mixer-settier with no agitation 
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Fig. 4. Pressure vs. depth gradients within two 
dj * chambers of one stoge of a mixer- 
settler unit 
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Fig. 5. Pressure drop through @ cocurrent port 
vs. vertical position relative to port height. 
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Fig. 6. Pressure drop for each phase vs. up- 
stream and downstream interface position. 
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Fig. 7. Pressure relationships involved in caleu- 
lating the change in interface height between 
slages. 


432) 


won WO DENSITY CHANGE 
BETWEEN STAGES 


DENSITY CHANGE 
BETWEEN STAGES 


LIQUID DEPTH 


—— 


PRESSURE ————o 


Fig. 8. Effect of change in density between 
stages. 
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Fig. 9. Static pressure vs. liquid depth for one 
stage of a mixer-settler for no agitation and for 
gitation in the mixing section (2). 
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AL = , 
Al Al le~a 
T 5 T AP 6 
(all in feet of water head) 


Likewise from point /, to point /, (from 
section 3 to 4) 


= ( ) (7) 
PL d 


where: 


= APy, 4+ 
’ + AP, 6—1 
(all in feet of water head) 


Either equation may be used. How- 
ever, use of Equation (6) is preferable 
when below the normal interface, 
whereas Equation (7) is simpler to use 
above the normal interface. In either 
case, in calculating (pressur: 
drop for light phase) and APy (pres- 
sure drop for heavy phase) represent 
one-phase flow through interstage ports 
and can be calculated by Equation (1) 
above. Al’; and AP, are obtained 
from the operating lines (Figure 6) 
with the aid of equation (3). The other 
two, AP, »« and APs «4, refer to pres 
sure drops in the next stage and must 
be obtained by trial and error (by mak- 
ing successive assumptions for A//). In 
practice this is quite simple and nor- 
mally the first trial will be close. 

These equations are sufficient to cal- 
culate the interface level in each stage 
of a multistage mixer-settler unit with 
no agitation, Calculation should be 
started in the stage where the heavy 
phase leaves. The first variable AP line 
1s set tangent to the operating line or in 
the lowest position possible. In the oper 
ation of an actual unit this interface is 
also set near the bottom of this intra 
stage port by adjusting the heavy phase 
draw-off rate. A lower setting gives no 
advantage. Calculations are then con 
tinued backstream against the heavy 
phase flow by the use of the methods 
given in the preceding paragraphs. A 
sample calculation is given as an illus- 
tration in the Application of Design 
Principle on page 297. 


EFFECT OF DENSITY CHANGES 


Density changes may occur at differ 
ent points in the mixer-settler units 
owing, for example, to temperature 
changes or to the extraction of one or 
more components from one phase to the 
other, These density changes, which can 
have a large effect on flow capacity, can 
be accounted for in the graphical calcu- 
lations by the mere use of the correct 
pressure gradients (density) for each 
stage during the computation. For ex- 
ample, the solid lines (Figure 8) repre- 
ent the case where no change in density 
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of either phase occurs between stages 
Now, if the light phase in the stage 
containing chambers 4, 5, and 6 is 
lighter than it is in the stage containing 
chambers 1, 2, and 3, the pressure grad- 
ients are as is indicated by the dotted 
lines. Thus, the increase in interface 
height between chambers 6 and 1 is ex- 
pressed by AH’ (Figure 8) and is 
greater than AH, the change in inter- 
face level for the no-change in density 


case. 


EFFECT OF FLOW IN VARIABLE AP REGION 


One of the assumptions made in de 
veloping the graphical method for calcu- 
lating flow capacities was that no flow 
occurred through the region of variable 
AP. This will tend to make the calcu- 
lated capacities lower than those that 
would actually exist. However, in prac 
tice, this error is usually not large as 
only a small fraction of the port area is 
covered by the variable AP region (note 
the small change in the interface level 
across any intrastage port in the sample 
calculation, Figure 10). 


OPERATION WITH AGITATION 


With full agitation in the mixing sec- 
tions, the flow characteristics in the 
multistage units are somewhat different. 
From an inspection of the flow diagram 
in Figure 9, it can be seen that back 
flow of the mixed phase will take place 
between the mixing chamber and the 
preceding calming chamber (2 and 1, 
respectively). In this figure the solid 
lines represent the pressure gradients 
which exist in the various chambers 
with no agitation. When the agitator is 
operating in the mixing chamber, there 
is a single dispersed phase. Thus, the 
pressure gradient is represented by a 
single straight line (as shown by the 
dashed line). It is apparent that there 
is a zone within the port opening where 
the pressure in the mixing chamber ( for 
a given horizontal plane) is higher than 
that in the calming chamber. Such a 
condition results in backflow which re- 
duces the capacity of the unit seriously. 
Thus, in order to obtain in practice the 
flow capacity for multistage units which 
has been calculated for the no-agitation 
case (where the sole driving force for 
flow is gravity), the energy available in 
the agitators must be properly directed 
to compensate for this backflow. By the 
proper utilization of the agitator energy 
as discussed here, the flow capacity can 
readily be raised above that level calcu 
lated for the no-agitation case. Thus, it 
follows that the design for the no-agita- 
tion case is the conservative design per 
mitting operation without flooding for 
the whole range of agitator speeds (that 
is, for agitators turned off to turned on 
full). 
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Applications of Design Principle 


SAMPLE CALCULATION 


A sample calculation based on a small 
three-stage unit is presented here to 
demonstrate the method. Pressure lines 
will correspond qualitatively to those shown 
in Figure 3. The problem is to calculate 
the finai interface height (section 9) at a 


given flow rate for a given mixer-settler 
untt design. All assumptions used in the 
development for the no-agitation case 


are followed. The pressure drop through 
the interstage holes is taken as 2.5 velocity 
heads (K) and through the intrastage ports 
are baffled) as 4.0 velocity heads, 
Equation (1) 

From Equations (4) and (5), the operat- 


(which 


ing lines are then calculated and plotted 
in Figure 10 with A/d ws. AP: (and 
AP). Stepwise calculations are then 
started beginning with the last water 
settling chamber 3 (stage 1, Figure 2) 
The interface level here can be adjusted 


in practice by regulating the water draw- 


off control It should be set low enough 
to avoid affecting the interface level in 
other sections of the mixer-settler tased 
on the assumptions made, the level would 
be given by the variable AP line tangent 
to the heavy-phase operating line 

The slope of the variable AP line is 


given by Equation (3). For this case: 


slope 
(0.99 — 0.87) (.073) 


114 port heights/ft. of water head 


Known Values 


Starting with the tangent line and going 


back up the water stream, the A/’ chang: 
through the first two cocurrent ports is 
stepped off. The intersections with the 
operating lines give the intertac« igehit 
at these points. The numbers correspond 
with the section numbers in Figur 
The interface change between th stage 
and the next is calculated as follows 
AP*- AP 4 Ap 
+ + AP; 
AP 000123 ft. from diagram 
00013 it. from diagram 
AP. ,= 000153 ft 
AP a, 000019 ft 
assume AH, , O84 & port height 
AP;, 00016 ft. from diagram 
(alter assumption) 
AP 1.4 00016 ft. from diagram 
(after assumption) 
totaling: 
AP*®* = 00074 ft 
Check 
pe 
AH = (6) 
pu Pi d 


Calculated Values 


interstage port area 00304 s4.ft. For interstage ports 
Intrastage port area == 0053 sq.ft. 
Intrastage port height (d) 073 ft. ve 067 ft./sec 
Flow of light phase = 40 Ib./hr. Yn 022 ft./sec 
Flow of heavy phase == 15 tb./hr. Vv, 000153 ft. of H,O 
Density of light phase = 0.87 AP,, = 000019 ft. of HO 
Density of heavy phase 0.99 
Weight average density = 0.90 For intrastage ports with normal interface 
O513 f./ sec. 
\P, = 000143 #. of 
a 0.25 port height 
b 0.75 port height 


hod Lien? 
PHase 
| 
09 

| 

4 
z 

oir 

PHASE 
% 0008 10 
PRESSURE OROF FT OF WATER 
Fig. 10. Operating diagram for the 
sample problem 
mwo74 / 
Mii. 0.12 073 
0834 & port height 
The assumed and calculated values of AH 
are close enough so that another trial is 


not required 
The intertace 
this middle stage and the next is then cal 


witerstage rise between 


culated from 6 to 7 As the interface in 
the final stage is above the normal inter 
face, the steps in this stage are mack 
upward in going from 7 to 9 and Equation 
(7) is used 

If line No. 9 did not intersect with the 
light phase operating line, the wits 
capacity would have heen exceeded and 
at the flow rates assumed, the unit would 
flood 

The total drop in the top liquid level 
throughout the unit is determined by sum 


water) tor 
the density 


ming all the AP's (Cin feet of 
the entire unit and dividing by 
of the light phase 


GLASS MIXER-SETTLER 


A glass laboratory mixer-settler unit 
was constructed in order first to check 
the validity of the proposed method for 
calculating the flow capacity for the no- 
agitation and second to uncover 
modifications in the units 
lead to higher capacities (especially in 
the This 
constructed in an unfolded fashion (Fig- 


case, 
which would 
agitation case). model was 
ure 2), thus permitting a close study of 
the flow pattern within the unit. 

Water and benzene were metered to 
the glass unit at a predetermined flow 
ratio. The each stream was 
gradually increased with no agitation 
until the interface in the last settling 


flow of 
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section rose above the intrastage port 
(dividing the mixing and settling cham- 
This the 


velocity operation 


velocity was termed 
Actually, 


teady when the 


ber). 
flooding 
could be 
interface was above the port area in the 


maintained 


last settling section, but the control be- 
The flooding 
deter- 


came extremely sensitive 
with 
mined in the same manner and with the 


were used in the 


velocities agitation were 
same flow ratios as 
nonagitated case 
The observed flooding velocities for 
the no-agitation 
with the calculated 
when the flow ratios of the two phases 
lHlow 
effect 


compared well 


flooding velocities 
were close to unity (Table 1) 


this small unit another 


ever, in 
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} 


when the two liquid 


became important 
flows were greatly different 

When the ratio of benzene to water 
flow was high (9.8:1), the actual ca 


pacity of the unit was lower than theo 


retical. This was due to a surface ten 
sion effect. The benzene wetted the 
walls of the port openings better than 
did the water Therefore, the meniscus 
of the water was concave down; thi 
reduced the free area for the water to 
flow. The area available for water flow 
was already small due to the large flow 
of benzene. This decrease in area re 


sulted in a higher pressure drop than 
calculated for the water flowing (assum 


When the 
low (1: 


ing no surtace tension effect) 


ratio of benzene : water was 
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Table 1. 


Flooding Rate (Ib./hr.) 


no agitation 


5.9), the actual capacity was higher than 
calculated. Here, the surface tension 
was helpful as the port area for benzene 
flow was substantially increased giving 
lower pressure drops than calculated. 
This effect, though substantial in the 
laboratory unit where the port openings 
were only % X % in., proved to be of 
minor consequence in the large plant 
units. 

With the baffle arrangement as shown 
in Figure 2, that is, closed at sides and 
open at top and bottom, the capacity of 
the glass mixer-settler was markedly 
decreased when agitation was started 
(see Table 1). The resistance to the 
flow into the mixing sections was higher 
than anticipated due to backflow of the 
mixed phase into the calming sections. 
A study of the operation of the small 
laboratory unit showed that the follow- 
ing modifications to mixer-settlers would 
increase their flow capacities to values 
above those calculated for no agitation. 


Staggering of Intrastage Ports 


The capacity of mixer-settlers can be 
increased by staggering the ports in 
height, rising in the direction of the 
lighter phase flow. 


Pumping 


In general, other methods of increas- 
ing the capacity of mixer-settler-type 
units depend on additional outside 
energy to pump liquids from stage 
to stage. This may be accomplished in 
a number of ways. Normally, it will be 
sufficient to pump only the heavier 
phase, and to allow the lighter phase to 
flow by gravity. In some systems, how- 
ever, both phases are generally pumped 
from the mixing section in a mixed 
state. 

Pumping has been obtained in mixer- 
settlers by the use of ingeniously de- 
signed agitators (4) which promote the 
flow of the mixed phase. However, it 
was found in the glass mixer-settter that 
its capacity could be markedly increased 
by merely utilizing the kinetic energy 
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developed by the conventional paddle- 
type agitators. By the elimination of the 
downstream baffle in the mixing sections 
the capacity of mixer-settlers was 
greatly increased owing to the pumping 
effect of the agitator. Removal of the 
upstream baffles in the mixing sections 
made the unit inoperable owing to high 
backflow. Obviously, if the baffle on the 
downstream side of the agitator is re- 
moved, the mixed phase will be pumped 
into the settling chamber, This would 
require that the settling chambers be 
unduly large. 

It was found that the desired pumping 
action could be obtained with the agita- 
tor without affecting the settling time 
by proper modification of the baffles in 
the mixing chamber. The baffles, as in- 
dicated in Figure 2, were originally 
closed at the sides and opened at the 
top and bottom. By merely opening the 
side of the downstream baffles which 
faced the direction of the agitator rota- 
tion, the pumping action was found to 
be at the desired level. By this modifica- 
tion, the swirl set up by the agitator 
caused the flow of the mixed phase into 
the settling section at virtually 90 de- 
grees to the direction of flow of the 
main body. Therefore, the disturbance 
set up in the settling section was reduced 
to a minimum. 


Thanks are hereby expressed to C. H. 
Hamblet, of the Polychemicals Depart- 
ment of Du Pont, who assisted in guiding 
both the research work on this problem 
and the preparation of this paper. 


Notation 


Stage consists of an impounding chamber, a 
mixing chamber, and a settling chamber. 
A, 8 = intrastage flow ports 
C,D = interstage flow ports 
g = gravitational constant 32 ft./ 
sec./sec. 
fluid velocity ft./sec. 
factor depending on geometry 
of flow port 
height of interface above bot- 
tom of port, ft. 
vertical dimension of port, ft. 
change in interface height 
across an intrastage port 
interface references in sections 
1,2 
pressure drop, 
fluid 
= pressure drop existing when 
interface at normal position 
= pressure drop for light phase 
and heavy phase, respec- 
tively, across intrastage ports 
pressure drop for light phase 
and heavy phase, respec- 
tively, across interstage ports 
fraction of port height covered 
by heavy phase at normal 
interface position 
distance from the lower inter- 
face to normal interface 
position for port considered 
(as a fraction of port height) 
fraction of port height covered 
by light phase at normal in- 
terface position 
distance from higher interface 
to normal interface position 
for port considered (as a 
fraction of port height) 
= change in interface level os 
one phase flows to next ad- 
jocent stage, ft. 
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with agitation 
og 
volume flow ratio theor. actual octual 
9.8:1 53 40 Bz 10 Bz 
6.2 H,O 46 1.2 H,O 
35.5 38 Bz 12.4 Bz 
21.5 K,O 23 H,O 75 H,O 
20.6 Bz 2) Bz 6.1 Bz 
34 H,O 35 H,O 10 
15.9 75 Oz 945 bz 16 Bz 
4. 50 H,O 63 H,O 10 H,O 
a 
12 
13 
M4 
15 
(1938). 
4 9. Kramers, H. A. G. M. Boors, and W. H. 


The author reviews various sources of operating difficulty 
encountered experimentally in purifying feed water and 
describes a modified operating procedure by which these 
difficulties—namely, the lack of pretreatment of the feed 
water and poor regeneration—have been overcome. 


G. P. Monet 


pore of water by mixed-bed ion 
exchange, introduced in 1949, offers 
a simple, low-cost method for obtaining 
large volumes of water of a purity not 
hitherto available. This method was of 
immediate interest in the manufacture 
of chemicals because such water could 
be produced economically on a large 
scale. For example, water having an 
average specific resistance of greater 
than 5 x 10° ohm-cm. could be produced 
at one third to one fifth the cost of 
distilled water, which has a specific re- 
sistance of only 1 to 2 x 10° ohm-cm. 
Various aspects of this process have 
been described previously (4). When it 
is desired to produce pure water by this 
process, the reproducibility of operation 
is more sensitive to a number of ex- 
ternal and internal factors than appears 
to be commonly understood. 


Previous Methods 


Mixed-bed deionization is a batch 
process in which a mixture of acidic and 
basic resins is used to adsorb impurities 
from water. The operation is a cyclic 
one in which the resins are first acti- 
vated or regenerated by chemical treat- 
ment and then used to purify water until 
the resins are spent, after which they 
are again regenerated. Many different 
methods have been proposed to regener- 
ate the mixture of resins, and all 
methods have two points in common. 
The mixture of the two resins is sepa- 


Mr. Monet is in the Engineering 
Leboratory, Engineering Department. 
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rated into two layers of the individual 
resins by backwashing with water at 
an appropriate rate, and one or more of 
the chemical waste solutions produced in 
regeneration are removed by a single 
waste collector located approximately at 
the interface between the two layers of 
the resins. 

A typical regeneration procedure is 
shown in Figure A. The major steps 
shown are: 


(1) beckwashing to seperate the bed into 
two layers, (2) passage of caustic sode solution 
down through the entire bed, (3) pasege of 
hydrochloric acid up through the bottom loyer 
of resin and out the interface waste collector, 
(4) rinsing, ond (5) remixing of the resins by 
air agitation. 


In some other this 
method, the direction of flow of the re- 
generant through the layer of acid resin 
may be reversed and the regenerants 
may be introduced simultaneously. 

Difficulties have been encountered on 
occasion with most of the methods of 
operation which have been proposeri. 
Some of these difficulties are associated 
with the lack of pretreatment of the 
feed water and others with poor regen- 
eration. 


modifications of 


Sources of Operating Difficulty 
LACK OF PRETREATMENT OF FEED WATER 


Suspended finely divided solids. On 
two separate occasions, the quality of the 
deionized water and the capacity of the 
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Experiences 
with 
mixed-bed 
deionization 
of 

water 


bed to produce such water were reduced 
by the presence of suspended finely di- 


vided solids in the feed water. On one 
occasion, the feed water contained al- 
most colloidal iron oxide, some of which 
passed through the bed and was present 
in the treated water, and the rest coated 
the particles of the basic resin in the 
bed. The adsorbed oxides could be re 
moved by washing with dilute hydro- 
chloric acid before regenerating with 
caustic soda. On a second occasion, the 
basic resin was fouled by water contain 
ing both Calgon and iron oxides. The 
hydrochloric acid reactivation 
procedure was successful 

Suspended bubbles of air. The capac- 
ity of a bed to produce pure water was 
greatly reduced when the feed water was 
milky with suspended air bubbles. The 
reduction in capacity in one instance was 
about 80%. The milky water was pro- 
duced by improper operation of a pres 
sure-oxidation unit. Pre- 
sumably the reduction in resin bed ca- 
pacity was caused by channeling through 
the resin bed 

Surface-fouling impurities 
occasion, the ability of the strongly basic 
trimethylamine-type resin to produce 
pure water was completely and perma- 
nently impaired after three cycles by the 
adsorption of an impurity on the surface 
of the resin. The impurity could not be 
removed by treatment of the resin with 
caustic soda or Calgon although it was 
partially eluted by strong brine. The 
brine effluent was bright yellow in color, 
which disappeared on acidification and 


same 


clarification 


On one 
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reappeared on alkalization. It is sus- 
pected that the impurity is organic and 
may be woody or earthy in nature. The 
basic resin after regeneration with caus- 
tic soda retained practically all of its 
salt-splitting capacity although it could 
no longer produce water having a spe 
cific 107 ohm-cm. Hence, 
it was concluded that the impurity was 
a fairly large molecule which “poisoned” 


resistance ol 


the surface of the resin. 


POOR OPERATION OR REGENERATION 


Precipitation of calcium and/or mag- 
nesium, On two separate occasions, the 
resin bed could not be rinsed to obtain 
water above a specific resistance of 1 to 
2 10° ohm-cm. 
precipitate was observed in the waste 
effluent before rinsing, and qualitative 
analysis showed hardness was present in 
the rinse water. It is thought that in 


both cases the poor rinse was caused by 


In one case, a white 


OME: 


precipitation of calcium sulfate and/or 
calcium and magnesium hydroxides in 
the bed and subsequent removal of these 
precipitates in the rinse water. 

Precipitation of silica. In 
stance, a precipitate of what was later 
was the 
bed on regeneration, Because it was be 
lieved initially that the precipitate was 
iron oxide, the resin was acid washed 
and then treated with caustic soda. The 
dissolved and the 
(It is now 
considered best, because of the possibil- 
ity of silica precipitation, to clean up a 
mixed-resin bed by treatment first with 
alkali and then with acid.) 

Evolution of carbon dioxide gas. Ini- 
tial deionization experiments were made 
in glass tubes at atmospheric pressure. 
It was noticed that gas bubbles formed 
at the top of the bed soon after the flow 
of feed water was started and that these 
bubbles form lower and 


one in- 


found to be silica formed in 


precipitate was not 


resin had to be discarded. 


continued to 


Fig. A. Mixed-bed ion exchange process. 


Typical Method 


Woter, 
waste 


Du Pont Method 


REGENERATION PROCEDURE 


Wash the bed of mixed exchangers upfiow 
with soft water to classify it into two layers 
as shown above. 


Pass caustic downflow through entire bed. 


Rinse out excess caustic. 


Pass hydrochloric acid down through bot- 
tom layer of exchanger. 


Rinse out excess acid 


Lower the liquid level and mix the ex- 
changers by agitation with air, 


Settle the bed, fill 
from the top. 


Start the run. Feed water enters at the 
top, flows down through the bed, and 
leaves at the bottom 


the tank with water 
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1. Same. 


Pass caustic downflow and remove at 
waste collector A. At same time, pass 
soft water up through bottom layer of 
exchanger and remove at A. 


Same. 


Pass hydrochloric acid up through bottom 
layer of exchanger and remove at waste 
coliector B. At the same time, pass soft 
water down through the upper layer of 
exchanger and remove at B. 


Same. 
Wash the entire bed upfiow with soft 
water to insure ‘adequate rinse. 


Same. 


Same. 


Same. 
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lower in the bed. When the bubbles 
formed at the bottom of the bed, which 
happened after about one third of the 
expected run time, the quality fell off 
and the run had to be terminated pre- 
maturely. This disappeared 
when the pressure was raised above 
about 10 Ib. Subsequent atmos- 
pheric pressure experiments with a de- 
carbonated feed did not result in bubble 
formation, and hence it is concluded the 


behavior 


$q.in. 


gas was carbon dioxide. 


Elimination of Operating Difficulties 
FEED PRETREATMENT 


From the preceding observations, it is 
that the resin bed is a poor 
mechanical filter suspended finely 
divided solids even though it is a super- 
lative chemical filter 
trolytes. Suspended solids have been 
eliminated by the use of a cellulose-mat- 


apparent 
lor 


for dissolved elec 


type pressure filter. Satisfactory results 
have been obtained with well water, tur- 
bine condensate, and water which has 
been clarified by conventional chemical 
coagulation or by pressure oxidation of 
soluble iron. 

The problem of dissolved surface-foul- 
ing materials has not been solved al- 
though carbon adsorption appears bene- 
ficial. In all cases where mixed-bed de- 
ionization is contemplated, a field test is 
made to assure absence of such mate- 
rials. Up to the present, the problem has 
not recurred after six field trials. It 
should be noted that this difficulty ap- 
in the use of the 
amine-type re- 


pears to be inherent 
strong-base quaternary 
sins in general, although it may be more 
noticeable in mixed-bed operation 


where purity is so high. 


REGENERATION 


The elimination of potential difficul- 
ties in regeneration can be achieved by 
proper design and choice of chemicals. 
The procedure developed in the course 
of this study satisfactory 
results and appears to be sufficiently 
is not 


has given 
novel to warrant description. It 
implied, however, that high-purity water 
cannot be produced by other procedures 
or that production of high-purity water 
automatically means that precipitation 
is not occurring. For example, control 
experiments on regeneration with hydro- 
chloric and with sulfuric acid, with the 
procedure proposed in this paper, have 
given water having a specific resistance 
greater than 107 ohm-cm., even though 
the 50% lower capacity found with 
sulfuric acid can hardly be attributed 
to any factor other than precipitation 
of calcium sulfate in the bed 

In another case, high-purity water 
was produced in one of the conventional 
methods even though the waste effluent 
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known to contain 
All that 
of the proposed procedure is that it has 


on regeneration was 


precipitated silica is claimed 
a much higher margin of safety 
regeneration compared to the present 
methods. This is supported by the fact 
that two full-scale mixed-bed deionizers 
under the proposed procedure have been 
in continuous operation since startup, 
February, 1951, to 


generate and produce pure water. Such 


without failure re- 
performance is considered necessary in 
some branches of chemical manufacture 
halted if 


pure water were not available, as con 


where production would be 


trasted to power operation where tem 
porary reduction in purity of the boiler 
feed water be compensated for 
by increased blowdown 

The method developed is shown in 
Figure A, where of the 
typical methods is represented by way 
Although the steps in 


would 


one present 


of comparison 


regeneration are described in detail in 
this illustration, the important differences 
between the two methods are as follows: 
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60 


Percent Run Time 
Fig. 1. Electrical resistance of deionized water 


Fig. 2 


(1) two waste collectors are used in place 
of one at the interface between the two 
layers of resin, one collector being just 
the 


just inside the layer of acid resin 


inside the layer of basic resin and 


other 
(2) each regenerant solution is removed 
with 


waste collector simultaneou 


of 


at a 
a counterflow 
passed through the bed in a 
the of 


water which is being 


direction 
regenecrant 


opposite direction 


flow, and (3) a final rinse is given to 
the resins and the underdrain system by 
backwashing (i.e., upflow rinsing) the 


bed after regeneration 

The purpose of the two waste collec 
tors and the counterflow of water is to 
insure that the regenerants contact only 
the appropriate layer of resin. For ex 
ample, the basic resin is the upper layer 
the 


introduction 


and the acid resin is lower layer 
With the 


caustic soda solution at the top of the 
and by the 


simultaneous of 


bed and water at the bottom 


removal of both solution by a collector 


located inside the layer of basic resin 


no caustic soda or waste products (..¢., 
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10 


Theoretical electrical resistance and conductance of pure 
water at vorious temperatures 


20 0 


Temperoture, °C 


silicates and carbonates) are permitted 
to enter the lower layer of acid resin 
In this way, no alkali enters the acid 
resin to precipitate calcium and mag 
nesium adsorbed on the acid resin, and 
no silicates or carbonates contact acid 
resin which might cause the formation 
of carbon dioxide gas or a precipitate 
of silica. No sign of gas or pre 
cipitate formation has been observed 
by the employment of this method 
The small amount of wunregener 
ated resin between the two wast 
collectors has no effect on the purity of 
the deionized water The backwash 
rinse after regeneration may be super 
fluou , but ut is good insurance that the 
bed and the underdrain system have 
been well rinsed, Even tiny pockets of 
regenerant solutions can reduce greatly 
the resistance of the deionized water 


produced 


Results of Procedure 
Typical semiworks and plant results 


obtained with the regeneration pro 
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100,000,000 


Table 1.—Analysis for Silica Content 


2 
3 
4 
5 
6 
7 


* This was found to be all silica. 


cedure developed in this study are shown 
in Figure 1. In both cases—namely, 
semiworks and plant—deionized water, 
having a specific resistance greater than 
107 ohm-cm., was produced during 90% 
or more of the run, The resistance in- 
creased rapidly at the start and fell 
rapidly at the end of the run. Irregulari- 
ties in the shape of the curve above a 
specific resistance greater than 10° 
ohm-cm. appear large, but are caused by 
almost negligible changes in the recorded 
values of conductivity. With the re- 
ciprocals of conductivity values and with 
a plot of the results on semilog paper, 
it would appear that the purity was less 
constant than it actually was. The con- 
ductivity cell used had a constant of 0.01 
(that is, specific resistance equals the 
measured resistance divided by 0.01), 
and values of the conductivity of the 
deionized water were recorded continu- 
ally at 0.5-min. intervals throughout the 
run. 

The plant-scale equipment consists of 
two mixed-bed deionizers, each 3 ft. 
diam. by 9 ft. high. The resin bed in 
each tank consists of 15 cu.ft. of a 
trimethylamine-type strong-base resin 
and 10 cu. ft. of a high capacity sulfon- 
ated-polystyrene-type strong-acid resin. 
The basic resin is regenerated with 6 Ib. 
caustic soda/cu.ft. resin, and the acid 
resin with 6 lb. hydrochloric acid/ 
cu.ft. resin, each applied at about 5% 
by weight. By the use of a feed water 
containing 50 to 100 p.p.m. dissolved 
solids, each deionizer will produce 30,000 
to 50,000 gal. water between regenera- 
tion. The rate of water flow is about 
25 to 35 gal./min., or about 5 gal./ 
(min.) (sq.ft. of bed cross-sectional 
area). The units have been in constant 
production since February, 1951, and 
have always produced high-purity water 
after regeneration. The installed invest- 
ment and the operating cost of these de- 
ionizers are one third to one fifth of 
those of the most economical evaporative 
method knhown—namely, compression 
distillation, It is likely that this same 
cost differential between deionization 
and distillation will be obtained when 
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waters containing up to about 500 p.p.m. 
dissolved solids are used. 


Purity of Deionized Water 


Two methods have been used to evalu- 
ate the purity of mixed-bed deionized 
water. In the first method, the content 
of dissolved electrolytes has been esti- 
mated from the measured specific resist- 
ance; in the second method, nonvolatiles 
such as silica, organic materials, and 
suspended matter have been estimated 
by a modified A.S.T.M. evaporative 
procedure. 

The electrolyte content of deionized 
water, expressed as dissolved sodium 
chloride, can be calculated from the 
measured specific resistance by the fol- 
‘owing two equations: 


(1) 


log (7)(C) = 5.888 — 0.00864 ¢ 
(2) 


Equation (1) considers the resistance 
of water to result from the ionization 
of water and of salt, both resistances 
acting in parallel. The resistance of 
pure water is taken from (2) and is 
shown in Figure 2. Equation (2) is 
based on experimental data on the 
equivalent conductivity of sodium chlo- 
ride at infinite dilution at 15 to 45° C. 
(3). In practice, R and ryyo are in- 
serted in Equation (1) to calculate 
and then is calculated from 
Equation (2). For example, the specific 
resistance of mixed-bed deionized water 
is often greater than 107 ohm-cm. at 
room temperature. The equivalent 
amount of dissolved sodium chloride 
present is calculated from Equations 
(1) and (2) to be about 0.05 p.p.m. 

The analysis of deionized water for 
its content of nonvolatile materials was 
based upon the A.S.T.M. procedure (1) 
In addition to a determination of total 
solids at a drying temperature of 
105° C., it was found possible to esti- 
mate the organic content of the solids by 


Chemical Engineering Progress 


ignition in air at 500°C. for 15 min. 
After analysis for organic matter, silica 
was determined by volatilization with 
hydrofluoric acid. The results are pre- 
sented in Table 1. 

Samples 1 to 3 (Table 1) were run 
on a source of single-distilled laboratory 
water. This water was deionized and 
then analyzed (sample 4). The reduc- 
tion in the inorganic solids from 0.03 to 
0.04 to 0.00 p.p.m. seems to be beyond 
the accuracy of the method if one judges 
the identity of all the values found for 
inorganic solids content, except when 
a relatively large amount of silica was 
present. The organic solids were re- 
duced by deionization from 0.22 to 0.32 
to 0.10 p.p.m. This reduction in organic 
content by deionization is not so sur- 
prising when it is considered that most 
of the organic matter probably came 
from decayed matter. Samples 5 and 
6 came from two different sources and 
show that deionized water comparing 
favorably with distilled water can be 
prepared from more than one source. 
Sample 7 shows that deionized water can 
contain relatively large amounts of 
silica, 0.6 p.p.m. From the character 
of the feed water in this instance, it is 
considered possible that the silica present 
in the deionized water was suspended 
and could have been removed by filtra- 
tion. 
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R = measured specific resistance, ohm-cm. 
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fusci = specific resistance of water containing 
sodium chloride. 
Cuca = tration dium chloride solu- 
tion, p.p.m. 
? = temperature, * C. 
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Am devel supery 

((43-'44) Magnolis 
chem. engr. (44-47) 
Esso; devel. dir. (47 
52), mgr. res. & devel 


(52-55) Woudry. Av 
thor articles & patents on petroleum processing 


ALChE service Mbr Inst Sections (chmn 
55-) Student Contest (chmn. ‘54), Program 
(clunn. Process Div 51-53), Public Rel Pub 
lications, Comms. Baton Rouge (chmn. 47) & 
Phila.-Wilm. (secy. °52-53) Sections 


ROY A. KINCKINER.. 
Industrial res. & devel 


director. Asst. to mgr. 
& tech. dir. of devel. 
(56), DuPont With 
DuPont since 1924, as: 
produc. superv. pig- 
ments mfr. ('24-39), 
consult, chem. engr. 
(39-44), dir. process 
devel. sect. ('45-47), 
asst. dir. (47-53), 


(53-56), Engrg. Res. Lab. A.I.Ch.E. 
50th Anniv. ('55-), Research ('50-), Pro- 
gram Div. 4, 
Chmn. tech. program 50th Anniv. mtg. Various 
offices Phila.-Wilm 


deputy dir 
service 
(chmn comms. 


local sect. 


WHEATON W. KRAFT 


Industrial executive. 
Vice pres. (49) & 
tech. dir. ('54-) Lummus 
Co Chiet chem 
Searles Lake (24-27); 
instr. (27) St. Igne 
tiuvs; gred. asst. 
Proc. engr. (29 
*35), chief proc. engr. 


(35-49) Lummus Co. 
Author petents chem 
ical & oll ref. processes & equip, articles fluid 


ized solids. Lecturer, Brooklyn Poly (42-46), 
Columbia U. ('42-'53). A.I.Ch.E. service: Chmn. 
symposia: proc. des. (54); vacuum engrg 
(52); viscous mils. (50), WN. Y. Sect. mbr 


Program Comm 


HOWARD |. MAILA- 
KOFFindustriel @x- 

ecutive Technical 
mgr. (534 Petroleum 

‘ | Chemicals, inc Inetr 
& gred. asst 37.41) 
Carnegie Tech Asst 
prof (4143 chem 
engrg., Okle. 

chem. engr. (43°45 
engrg deve! heed 


(45 
Co.; Staff exec 
Cities 


(45-48) Res. Div 
‘48) Cities Service Res. & Devel 
"51“53) Nat'l. Gasol. & Petrochems 
Service Petroleum, inc. A.L.Ch.E 
chmn. NY meeting (54); mbr 

'55), Program, inst. Sections, 
chmn. NY and Oklahoma Sections 


service: Gen’! 
Research (chmn 


Comms. Past 


RALPH A. MORGEN. 
Research executive & 
Educator Res dir. 


(‘54-) & res. asst. to 
pres. (56-) Purdue Re- 
search Foundation. 
Was program dir. for 
engrg. (52°54) WNe- 
tional Science 
tion. Asst. (24-26) U. 
Calif.; devel. ('20-28) 
Western Elec; res. 
mgr. ('28-'33) Cleaners Equip.; Consult. (33- 
"38); prof. (38-52) & dir. (47-52) Exper. Sta., 
U. Florids Author, patents, cleaning ind. 
AACh.E.: Educ. Accred. Comm. (chmn. ‘54); 
AS.E.E. chem. engrg. div. (chmn. ‘43-44); 


EC.R.A. (dir. “50); E.C.P.0. Educ. Comm. 


EDWARD JORDAN 
FOX —Industrial execu- 
tive. Vice pres. ('56-), 


Union Carbide Nuclear 
Co With Carbide & 
Chemical Co 
1930 as: tech 
dept. hd., & 
chem area superv. 
(3041) So. Charles 
ton plent; asst. supt 
produc. Texas 
City plant; supt. butadiene plant ('43-'46) Lovis- 
asst. supt engrg., vtilities & 
Texas 
works mgr. (55-56) New York 
South Texas Section, Exec 


Carbon 
since 


superv., 


ville; maint. 


auxiliaries (46-53), plant supt. (53-55), 
City plant; asst 
office. 


Comm 


A1AChE 
(mbr, “54). 
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DIRECTOR-CANDIDATES NOMINATED 


Cc. W. NOPFSINGER 


Consultant. Pres 

(‘50-), The C. W. Nof 

singer Co. Devel. ('22- 

> '26) Sinclair Ref.; Proc- 

» ess & proj. engrg 

— admin., techn. sales, 

(26-45) M. W. Kel- 
logg; chief technol., 
(45°50) Ref Div., 

Petrol. Admin. for 

War; Consult. (45-50) 

Sinclair Devel. & Stratford Engrg.; dir. & vice 
chmn. Tech. Comm., mbr. Tech. Adv. Comm, 
('52-) Fractionation Res. A.LChE One of 
founders, K. C. Sect. (chmn. °50); chmn. Ar 
rangements Comm. K. C. Mtg. ('51). Lecturer, 


technol., catalytic & fluidized syst 


writer, pet 


EMERSON Jj. LYONS 
Industrial executive 
General mgr ('46-) 
Turbo-Mixer Div., Gen 
Amer Trans 
Chem, engr. ('32-36) 
Skenandos Rayon; 
1936 with Turbo 
engr 
mgr 


Numerous pub 


Corp.; 


Since 
Mixer a 
(36-45) 
on miners 4 
Mbr. Admis 
Testing Agitators 
Past 


chin 


chem 


gen! 


53-56) 
since inception), Comms 

to EJ.C,; N. Y. Section 
(43-44), Lecture Course Comm 
Student Guidance Comm. mibbr. 


service 


technol 
sions ('47-51 
Sub.Comm 


mining 
Equip 
Inst 
("46), 
chmn 


repres 
secy 
(S5-) 
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BY PETITION 


RICHARD H. WILHELM 

Educator & Consult 
ant Prof. of chem 
engrg. (46), chmn. of 
Dept. ('54-) Princeton 
U Sie member at 
Princeton since 1934 
indus. consultant to 
pharmaceutical, chem 
ical petroleum 
firms. Numerous pub 


lications on engrg 


aspects of chem. reactor technology. Dir 46) 


Princeton bicentenn. conf. on Engrg. & Mumean 
Affairs. Program, Awards (chm, 54 
*55) Research History Comms, Adv Bd 
AA.Ch.E. Jowrnal; NJ. Sect. (mbr. Exec. Comm.) 


Walker (51) & Professional Prog. (42) Awards 


EDGAR PIRET Edu 


cator, consultant. Prof 
(45) U Mine 
Fellow (35°36 U 
Lyon. Consult IM Co 
since 1997, chief, 
chem, engr. (43°45) 
Fulbright res prof 
(50-51) U. Nency & 
Paris Friedel Medal 
list U. Paris. Burapean 
lectures 50-51, 
Medal U. Liege (51). Bronze Medal Swedish 
Asen. Engrs. (54). Consult. (51) Lab Pubin., 
petents: contin. reactor theory, crus ng theory 
fermentation, high vecuum, educetior Al 
ChE Publication, Program, intl. Rel. 


Comms.; Chen. 7. C. Sect.; Walker Awdrd 
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WHAT'S DOING IN INDUSTRY? 


POLYPROPYLENE AND OTHER “ISOTACTIC’” POLYMERS— 
THEIR POTENTIAL AND PROBLEMS 


The highly publicized develop- 
ment of isotactic polymers, led 
by polypropylene, polybutadiene, 
polystyrene and even polyiso- 
prene rubber, is the subject of 
much speculation as to the extent 
and degree of impact on the engi- 
neering and marketing of poly- 
ethylene and polystyrene. 


Montecatini, 
exclusive 
developed by Giulio Natta, 
build 
Italy, will license Natta’s process in the 
U. S. But Ziegler in and 
Standard of Indiana, Phillips Petroleum, 
and other U. S, firms, 
on the 


italian chemical giant, in 


possession of a new process 
is planning to 


a commercial polyolefin plant in 
Germany, 


are also at work 
isotactics, 

is the commercial 
tial involved, the possible new 
proved products, based on the physical 


Impressive poten- 


and im- 


properties claimed for the new polymers 
as the fact that propylene is a 
cheaper raw material than ethylene, 

But chemical 
and engineering problems stili ahead be- 


as well 


there are quite a few 
fore commercial exploitation of the iso- 


tactics can get on-stream, 


Even isotactic polypropylene has a 
melting point of only about 300° F. For 
many textile applications, this compares 
unfavorably with the figure of 428° F. 
These olefin polymers are 
difficulties may be 
developing dyeing tech- 
niques. There be some 
question of their stability under irradia- 
tion, particularly with ultraviolet light. 

Up to now, yields in the production 
of this type of polymer have been low. 
Natta claims that this difficulty has been 
states that solvent extraction 
is not He declines to say, 
however, Montecatini’s 
mercial polypropylene process involves 
recycle 


for nylon. 
usually hydrophobic, 
expected im 


also seems to 


overcome, 
necessary. 
whether com- 


features. 


Physical Properties 


Starting with high molecular weight 
polypropylene (7), Natta succeeded, by 
solvent extraction, in isolating certain 
under X-ray examina- 
tion, appeared to be almost perfectly 
crystalline. Using the same type of 
catalyst, he then proceeded to make poly- 


fractions which, 


a-butylenes and polystyrenes having the 
same general characteristics. 


Quantity production of a product designated as 
1707 Catalyst is now underway at Westvaco’s 
Newark, Calif, plant (above). The new product, 
to be used in the manufacture of butadiene and 
styrene, is a metal oxide type of dehydrogena- 
tion catalyst containing a high proportion of 
magnesia 

The company, a division of Food Machinery 
and Chemical Corp., is also increasing produc- 
tion of barium oxide by some thirty per cent 
at its Modesto, Calif, plant (below). The ex- 

jon at Modesto is based on a new process 

that hos resulted from years of research 
-_ 


Expansion plans are already in the 
works for the still-under-construction 
mereury cell chlorine-caustic soda 
plant of the Solvay Process Division 
(Allied Chemical) at Brunswick, 
When initial construction is completed 
late this the will then 
be doubled in the second step which 
should be ready by late 1957. O 


Ga. 


year, capacity 


Third major producer of caprolactum 
nylon-6 in this country will be the 
Foster Grant Co., which expects to 
stream million-dollar 
Leominster, Mass., plant by the spring 


of 1957. 


be on with its 


A 100% inerease in the production 
capacity of special clay products 
widely used in the chemical and 
process industries as carriers, diluents, 
bleaching and filtering clays, and coagu- 
lents, is now underway at the processing 
plant of The General Reduction Co., 
Macon, Ga. O 


TURN FOR MORE NEWS ON 
INDUSTRY 
OVERSEAS 
NUCLEAR . 
INSTITUTIONAL 


page 54 et seq. 
page 78 
page 80 
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The 
higher melting points, and better resis- 
tance to solvents than obtained in the 
amorphous types. These properties, ac- 
cording to Natta, are due to a regular, 
steric arrangement of the 
a random 


isotactics show greater density, 


or “isotactic” 
monomeric units rather than 
distribution. 


MR MR MR 


ve 


(Above) Schematic representation of isotactic 
structure—all R groups either above or below 
main plane of polymer chain (here shown as 
plane of paper). 


(Below) Non-isotactic structure random or sto- 


tistical distribution of R groups. 


H mR, PA H 


H HH H ‘HH 


Natta attributes (2) to the new poly- 
mers a structure in which, at least for 
long portions of the original chain, all 
the carbon have the 
same configuration. planar 
structure is impossible, due to steric im- 
pediments between the R groups, spiral- 
ization of the principal chain must take 
place to reach the crystalline state. Ac- 
therefore, 
polyethylene cannot isotactic 
structure because no R groups are pres- 
ent in the chain. 

The 
thought to be of the 
metal halide types. It is said 
physical characteristics 
tant than their chemical composition. 

C. C. Price of the Department of 
Chemistry, University of Pennsylvania, 
described to CEP recent work in the 
United States which appears to corrobo- 
rate Natta’s results to some extent. /- 
Propylene oxide has been polymerized 
as a the 
employment of a powdered potassium 
hydroxide catalyst (3). A liquid poly- 
mer of about the same weight has been 


atoms 
Since a 


asymmetric 


cording to Natta’s theories, 
have an 


Natta are 
alkyl and 
that their 
impor- 


actual catalysts used by 
metal 


are more 


solid crystalline polymer by 


produced from racemic oxide under the 
(4). By the 
{ 5 ) complex 


use of a 
disclosed ferric 
catalyst, J-propylene oxide has 


same conditions 
recently 
chloride 
been polymerized to obtain a mixture of 
an amorphous, intermediate-molecular 
weight optically inactive polymer and a 
crystalline high-molecular weight poly- 
mer with X-ray diffraction lines and 
density consistent with a steric model 


(Continued on page 54) 
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Chemical Corporation selects 


BAKER PERKINS mixers for processing 
rocket propellant 


The mixing of rocket propellant from new high-energy fuel materials 
is @ sensitive, highly demanding operation The mixers which do 
this blending must therefore be not only efficient, but dependable. 
Baker Perkins No. 15 Mixer shown here is bu! one of many 
Btion in the rocket propellant field. This unit ot the 

Bkol Chemical Corporation is enclosed in an explosion-proof 
room of reinforced concrete, and is engineered for complete 
remote control operation. Powered by a 50 H.P. silent chain drive 
motor, the No. 15 Mixer is constructed of Stainless Steel, and 
jocketed to carry 125 psi pressure of steam or water. its Sigma 
blades revolve on anti-friction bearings, hydraulic tilt is provided 
for the mixing chamber, and the vocuum cover is pedestal mounted 


+ 
qd er er ins nc. Working copacity of this mixer is 100 gallons, ond total capacity 


150 gallons. If you hove o process that calls for a high-performonce 


Chemical Machinery Division mixer, write Baker Perkins for complete catalog. 
Saginaw, Michigan 
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Unibestos...the only single-layer pipe insulation 
that provides positive protection at the joints 


Unibestos is the only single-layer pipe insulation that’s built 
with the strong, long interlacing fibers of Amosite, the quality 
asbestos from South Africa. This unique construction permits 
single-layer Unibestos to form positive heat seals at hard-to- 
insulate joints and fittings...to provide more protection against Remember when 
heat loss than other single- or even double-layer insulations. insulating those tough 
With Unibestos on the job, there is less shrinkage...more fani inale-t 
resistance to moisture, acid and chemical fumes... greater tough- Cs 
ness to withstand shock and vibration. Easy to miter, easy to Unibestos locks in more 
cut, this durable insulation goes on the most complex pipeline heat than other single- 
systems quickly and economically. or double-layer 
Fast, low-cost application...long-lasting, positive protection insuletions! 
—these are the reasons why Unibestos is becoming the specified 
insulation for more and more of today's industrial operations. 
Unibestos”® is available in sectional form through 44° O.D. 


Joe Bestos says: 


For complete information write... 


UNION ASBESTOS &24 RUBBER COMPANY 


1111 West Perry Street *« Biocomington, Iilinois 
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A smoother operation 
for a smooth throat-saver 


Fer many your Tus Bros. Cough Drops have been well-known on the counters of 
many @ store throughout the country——where the attractive display of their 
various flavors has offered a smoothing, soothing treatment for the person with a 
tickly throot. 

Today, several processing steps of this division of Life Savers Corporation, have 
likewise been smoothed out. For here, a brand new MIKRO-PULVERIZER hos been 
installed feeding to two likewise new MIKRO-COLLECTORS. 


The problem was one of pulverizing, conveying and providing storage of the ground 
material of the two MIKRO-COLLECTORS. In this way, material is ground at the rate 
of 2,000 Ibs. per hr. and conveyed a distance of 55 feet to the storage area. Convey- 
ing and storing is remotely controlled by of solenoid valves run by one mon 
ot a control panel. 


It This permits o comporatively short grinding period to store up ample material for 
the day's operation in the mixers, the next processing step. in addition, a much cleaner 


> pulverizing operation has resulted, with the use of considerably reduced manpower. 
: If smoothing out and improving a ticklish problem in your operation is in order— 


@ call to the MIKRO Laboratory is a simple first step to arrive at the proper onswer. 
Here, your problem is carefully analyzed—the resulting recommendations con be your 
guide to a smoother, more profitable operation. 


SEND FOR your copy of Bulletin 55, describing the workings of 
the MIKRO Laboratory, and the MIKRO Test Grinding Data Sheet. 


PULVERIZING MACHINERY DIVISION 
METALS DISINTEGRATING COMPANY, INC, 
31 CHATHAM ROAD Summit, New JERseY 


OUST COLLECTING EQUIPMENT 
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ISOTACTIC POLYMERS 

(Continued from page 50) 
involving a compressed trans zig-zag 
chain. 
Key-Catalyst 


Evidence, then, is accumulating that 
the arrangement of the asymmetric cen- 


ters along a polymer chain has a re- 
markable influence on the physical pro- 
perties of the polymer, and that catalysts 
can exert a high degree of steric con- 


trol over this arrangement 

Basically, it is reasonable to suppose 
that the regular configuration of the 
main chains in these isotactics permits 


a greater degree of molecular attraction 
between chains than is possible with 
random distribution of the asymmetric 
centers, probably accounting for such 
properties as higher degree of crystal- 
linity, greater density, and higher melt- 
ting point. 
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A $14 million petrochemical plant is 
now being built by Southern Nitrogen 
Co. at Savannah, Ga. The plant will 


With Dependable COFFIN Turbo Feed Pumps | go on stream in early 1957, will pro 


duce 250 tons per day of ammonia to be 
Matched pump, turbine and governor are compactly designed and pre- | used to make nitrogen solutions and 
cision built as an integral unit to assure years of dependable perform- | ammonium nitrate a) 
ance—in minimum size, with low steam consumption. Widely used for 
boiler feed service in refineries, chemical plants, paper mills and general 
industry, the well-known line of Coffin Turbo Pumps offer Volumetric 
Ranges to 800 gpm, Discharge Pressures to 1500 psig, Steam Temper- 
atures to 950° F., Exhaust Pressures to 200 psig, and Liquid Tempera- 
tures to 325° F. For special installations these ratings may be exceeded. 


@ ENGINEERS . . . write today for complete specifications on the 
entire line of Coffin Turbo Pumps. 


| 


This stainless-steel tonk ot Mississipp 

Corp.'s Yazoo City ammonium nitrate drilling 
plant hos made operations considerably more 
flexible. Built by Chicago Bridge & Iron, the 
tank hos a capacity of 25,000 bbl. It serves 
two main purposes: to store ammonium nitrate 
in liquid form during periods of partial plent 
shut-down and also to store it in the off-season 
so that it con be processed quickly in the high 
demand season. 
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CHEMICAL COMPANIES 
JOIN IN RARE EARTHS 
OPERATION 


Growing importance of rare 
earths and heavy minerals in- 
the chemical and atomic indus- 
tries is reflected in joint venture 
of Vitro Corp. and Crane Co. 


With a combined investment expected to 
be some $6 million by the end of 1956, 
Crane Co. and Vitro Corp. of America 
are now in a joint operation to produce 
thorium, rare earths and heavy minerals 
from monazite, as well as rutile, 
ilmenite, zircon and kyanite 

Mechanism of the venture is equal 
ownership of Heavy Minerals, Inc., its 
mining subsidiary Marine Minerals, 
Inc and associated operations. \ 
minority interest will be held by a sub 
sidiary of the French chemical group, 
Pechiney, and Heavy Minerals will 
have exclusive North American license 
to numerous French-held patents on the 
processing of thorium, rare earths, and 
heavy minerals. New plant will be in 
Chattanooga, Tenn 

Main attention will be given to mona 
zite, a major source of thorium and 
uranium, with the immediate objectives 
of producing thorium and rare earth 
components for use in the chemical 
metallurgical, and glass industries. 

Sut the key is the future potential 
of the operation, with extensive research 
and development work planned. The 
company’s monazite is unique in that it 
contains the heavier of the rare earth 
elements such as europium, gadolinium, 
thulium, and dysprosium, all of which 
are expected to have important uses in 
atomic reactors and related equipment 
Gadolinium, for example, which sells 
at present for some $600 per pound, 
has 44,000 barns/atom, by far the 
greatest neutron absorption cross sec 
tion of any element. Where weight and 
bulk are critical problems, so that a 
thin sheet is priceless (say in sub 
marines, aircraft, etc.) gadolinium can 
be highly useful 

Another group of rare earths from 
monazite—cerium, lanthanium, neo 
dynium and praseodynium—have strong 
potential industrial use as catalysts and 
alloying agents in the production of 
magnesium and other light metals 


A 2,500 bbl. /day fluid catalytic crack- 
ing process unit and gas recovery 
facilities, a catalytic polymerization 
process unit and light hydrocarbon and 
gasoline treating equipment, will be 
built by Procon, Inc., Des Plaines, IIl., 
for United Refining Co. of Warren, 
Pa. Work is underway, will be com 
pleted this winter. Cost will be over 
$2 million 0 
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F&P Flowmeters 
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HATBORO, HOUSTON, CHICAGO 
OR LOS ANGELES 


Predictable performance floats per- 
mit Flowrator Meters with true per- 
centage scales to be carried in stock. 
You benefit from F&P's years of 
hydraulic research by getting ac- 
curate meters quickly. 


| Greater flexibility of use is assured 
| ' by the ease and simplicity with 

which new flow factors may be de- 
termined on changes in fluid serv- 


4 ice. Capacity may also be altered 
4 by revising metering float weight 

: and yet, the same metering accu- 
it. racy is maintained, 


bel Advantages of 
specifying F & P Meters: 


@ Highest quality—same as made- 

to-order, extended shipment in- 

struments. 

@ Prompt delivery—most items 
shipped the same day the order 
is received. 


@ Economy —standardization on 
percentage scales and inter- 
changeable parts, minimizes 
spare part problems. 


A wide variety of flow indicators, purgemeters, trans- 
mitters, recorders, controllers and pressure instruments 
are available from stock. Write today for Catalog #2 
and complete information. 


Fp FISCHER & PORTER 


ln Camade 
Fischer & Porter (Cameda) Lad 
Terente 16. Ont 


1176 County Line Road, Hatboro, Pa. 


INDUSTRIAL NEWS 


NEW EQUIPMENT FEATURES 
FATTY ACID PLANT 
EXPANSION 


Expanded facilities for the pro- 
duction of high purity fatty acids 
will include a new radiant heat- 
ing furnace and stainless steel 
vessel. 


Incorporated in the additional facilities 
being constructed for the HumKo Com- 
pany’s Chemical Division (formerly 
Trendex Division) are two significant 
modifications in equipment for fatty acid 
distillation. 

Rather than employ a conventional di- 
rect fired, brick lined furnace with cast 
iron vessel, a unique, new radiant heat- 
ing furnace and stainless steel vessel 
will be installed. The radiant fired fur 
nace, developed by Blaw-Knox, is being 
used for the first time in this industry 
and is particularly suitable for processes 
requiring close temperature control. 

Use of this type of furnace makes the 

| stainless steel vessel practical and highly 
advantageous, with its better heat trans- 
fer and corrosion resistance to eliminate 
contamination and minimize mainte 
| nance 

With this new concept in fatty acid 

| distillation, HumKo expects the furnace 

and stainless steel vessel to give more 

accurate temperature control, significant 

: = fuel savings, rapid heating and cooling, 

Newark Wire Cloth is made of all malleable metals such as aluminum, | heey inlifel investment. and low main- 
tenance 

The additional facilities are planned to 

steel; as well as the noble metals such as gold, silver, platinum, etc. aid HumKo to meet the increasing de 

mands for high purity fatty acids, and 


brass, bronze, phosphor bronze, copper, monel, Nichrome, nickel and stainless 


| will supplement a continuous still erected 


This wide range of metals enables you to select the one wire cloth to meet your 1959 
in 1954, 


conditions of corrosion and/or contamination. 


In all metals, Newark Wire Cloth is accurately woven in a wide range of meshes, 

ranging from very coarse (4 inch space cloth), to extremely fine (up to 400 

mesh). Our reputation for ‘Accuracy’ through more than 75 years is your — 
guarantee of wire cloth quality. \ hee 


We maintain a large stock of popular sizes in the more commonly used metals - a. — 
and can make prompt shipment. Let us quote on your requirements. on Se ' 


i 
i? & 


Send for our New Catalog E. . 


Gloth 


Cc oO M PA NY New distillation unit will candies this con 


| tinvous still ot HumKo, new equipment will in- 


351 VERONA AVENUE ° NEWARK 4, NEW JERSEY crease efficiency of company's operations. 


| 
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Corrosioneerin 


Quick facts about the services and equipment Pfaudier offers to help you 


(Advertisement) 


News 


reduce corrosion and processing cost. 


Published by The Pfaudler Co., Rochester, N.Y. 


Get continuous 
centrifuging in your 
continuous processes 

For continuous removal of solids 
from one or two liquids. . . 


For continuous concentration of 
solids by removal of liquid from 
slurries and discharge of 
solids in a predetermined dry 
state... 


It is no longer necessary for your 
centrifuging to be an expensive and 
time-consuming “batch” type opera- 
tion. 

While rotating at full speed, the 
Titan Superjector Centrifuge dis- 
charges solids deposited within the 
centrifugal bowl and thus cleans 
itself. 

How it works 
A simple yet unique design enables 
the Superjector to work automati- 
cally like no other centrifuge. 

Solids are discharged through pe- 
ripherally placed slots. These slots 
periodically are opened and closed 
by a telescopic action actuated by 
hydrostatic pressure. This pressure 
is built up by centrifugal force. 

The concentration of solids and 
clarity of liquid produced can be ad- 
justed within wide ranges. Solids 
can easily be concentrated to as low 
as 40% moisture content. Liquids 
can be rendered crystal clear. 

If you can see uses for such an 
automatic centrifuge in your opera- 
tions, write for your free copy of 
Bulletin No. 930, “Titan Superjector 
Centrifuge.” Or ask your Pfaudler 
representative for details. 
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Now—fastest drying of corrosive products 
with Pfaudler dryer-blender 


How do you go about drying highly 
corrosive products in your plant? 

If you're not using a Pfaudler con- 
ical glassed steel dryer-blender you 
may be spending too much time and 
money on this process. 
4-day drying yield ready in 7 hours... 
reported one user making product 
containing acid halides. Filling and 
emptying the Pfaudler conical 
glassed steel dryer-blender is quick 
and easy. It has a 1% foot diameter 
opening for filling and a single 8 inch 
discharge nozzle for the 4 ft. and 
6 ft. units 

Most of the labor cost and time 
previously spent handling trays of 
vacuum dryers is saved 

When in use, the dryer slowly re- 
volves, tumbling its contents and 
quickly providing an evenly blended, 
evenly dried product 

These structural features built 
into the unit make it your fastest and 
most econemical tool for drying and 
blending highly corrosive products: 
* Solid one-piece construction of inner 
vessel for maximum strength, greatest 
corrosion resistance and easiest cleaning 
* Space between inner vessel and spher- 
ical portions of jacket heads insures 
effective drying with no waste of heat. 
* No joints or clamps to break up the 
drying surface area. This heated surface 
area is maximum; therefore drying time 
is shortest. 


At Eastman Kodak Company this Plaudier 


dryer-biender, used for drying a corrosive 
organic halide, hos reduced time required by 
previous methods (4.6 days) by 75% 


¢ Vacuum exhaust tube is located up and 
out of the product while the unit is in 
operation. There it is able to remove 
vapors most efficiently 
Dries acids and alkalies 

You can use Pfaudler conical dryer- 
blenders for every acid except hy- 
drofluoric and for alkalies up to pH12 
at 212° F. Thus you get the same flex- 
ibility you are already familiar with 
in Pfaudler glassed steel reactors 

These dryers range in volume up 
to 165 cu. ft. working capacity. They 
are available in four different diam- 
eters: 2 ft., 4 ft., 6 ft., and 8 ft. In- 
ternal pressures may range from full 
vacuum. Each unit is tested to meet 
ASME code specifications. Write for 
Data Sheet 26 


How Sylvania heats, cools four separate 
solutions to ti° accuracy...in one system 


tg 


The problem at Sylvania Electric 
Products, Inc. was to find a system 
that would hold four different solu- 
tions to within 1° F. of a predeter- 
mined temperature. These solutions 
may be required for use between 55° 
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and 70° at any time, and are supplied 
at anywhere from 38° to 78° F 

Thus, the system must either heat 
the solution or cool it. It must also 
vary the degree of heating or cooling 
It must switch from heating to cool- 
ing, depending on change of set point 

Now in operation at Sylvania’s 
Seneca Falls, N. Y. plant is the 
Pfaudler system shown (left). It does 
all the thermal gymnastics men- 
tioned, and still holds to within 1 
accuracy on all four solutions 

This system, completely designed 
and equipped by Pfaudler, includes 
heat exchangers, all control valves, 
the heating equipment, refrigeration 
equipment, automatic controls, panel 
board and all auxiliary equipment. It 
is typical of the type of project en- 
gineering Pfaudler now offers. 
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here and there with the 
CAMERA 


AT SEA WITH 
THE A.F.C.A, 


NEW ORLEANS 
PICTURES 


<4 A VISIT TO SOUTHERN 
REGIONAL During 
New Orleans Meeting, So. 
Regional played host to 
plant trips group. Next 
day, C.EP. visited and 
photographed ARS dif- 
ARS DIFFERENTIATOR Conveyor belt projects ferentiator (left), rotary 
cottonseed-trash mixture 120 mi./hr.; the seeds horizontal filter (left 
which travel furtherest are highest quality oil lower), end kneader (right 
producers. lower). 


ROTARY HORIZONTAL VACUUM —filter arranged for countercurrent 

washing extractive meats of oil-bearing seeds & beans. Used for 

development of USDA-ARS. Filtration-Extraction Process for 

cottonseed, on which Blaw-Knox is collaborating for wider com- Below, group at continuous kneader. Cottonseed meats, flaked or 


mercial application. L. to R., E. Fred Pollard, & H. L. E. Vix, So whole, are fed to screw. Pigment glands are ruptured, eliminating 
Reg; Hal B. Coats, Blaw-Knox; E. A. Gastrock, host, So. Reg; toxicity, improving oil quality. After extrusion, moisture is reduced 
C. F. Hauck, Blaw-Knox; J. J. Spadaro, So. Reg and oil extracted 


PLANT TRIP: The entire A.I.Ch.£. meeting group that made the plant trip through the Esso Baton Rouge Works during the New Orleans National 
Meeting. Photo courtesy Esso. 
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AT SEA WITH THE AF.CA. was an unusual 
experience for more than 300 chemical indus- 
trialist members and guests of Armed Forces 
Chemical Assn., June 14th. Aboard the car 
rier Antietam, AF.C.A Jers witnessed anti- 
submarine tactics of a fleet which also included 
four destroyers, plus a wide variety of helli- 
copters, jet and propeller aircraft. A submarine 
from New London took part, as did an atomic 
attack force of land-based jet aircraft. Outing 
took place ovt of Quonset Point, R.1., Naval 
Air Station. The Navy acted as host for this 
outing, with Capt. F. E. Bardwell as Com- 
manding Officer of USS Antietam. Left, super- 
structure scene during landing of planes 
What appears to be horizon line at left center 
is bow end of carrier deck 


CHEMICAL ENGINEERING DIGNITARIES: Clif 
ford C. Furnas, asst. secy. for Defense (Re 
search & Development), principal A.F.C.A. ban- 
quet speaker, with Major General Wm. § 
Creasy, Chief Chemical Officer, Chemical Corps, 
Dept. of the Army, and principal host 


HANGAR DECK SCENE. More then 300 civilians 
were viewing exhibits when photo was taken 
Scene shows plane parking & service ares 
below flight deck 


FLIGHT DECK SCENE, looking toward bow 
About 3 of carrier length is represented by 
this photo. S. D. Musselman, director of Engi 
neering for Amer. Mach 
foreground, other person unidentified 
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& Foundry, is in 


FOR DIAL 


dial ATLAS for 


corrosion control 


Help in solving your corrosion problem is as near as your phone .. . and 
the number is listed below. Atias, with a quarter century of experience in 


solving corrosion problems, helps over 3,000 plants each year to reduce 
lost time and money caused by corrosion. Atias is familior with all types 
of corrosion problems, from coating small items of plant equipment to the 
construction of the largest continuous pickiers. 

Our facilities are geared to help you with on-the-spot technical advice, 
engineering and design assistance, highest quality corrosion proof materials 
and construction services to carry the job from beginning te end. 


A phone call will bring an Atias technical representative . . 


. @ letter will 


bring literature on the complete line of corrosion proof cements, protec: 
tive coatings, tank linings, rigid plastic fabrications and rigid plastic piping. 


Phone or write: 
WEW YORK, WN. Y — 475 Sth Ave. 
MU 3-1868 


NIAGARA FALLS, N. Y.—1417 Ferry Ave. 
45149 


PHILADELPHIA, PA. 1436-37 Lend Title 
Bidg Ri 46-0298 

PITTSBURGH, PA -—~ 4518 Brownsville Rd. 
TUsede 1-4720 

CINCINNATI, OHIO—I814 Yorktown Rd. 
14864 


DETROIT, MICH.—2604 Oliver Reye! 
Ook. 64870 

CHICAGO, ILL. —333 WN. Michigen Ave 
PR 2-7100 


BIRMINGHAM, ALA.—}304-06 Brown Merx 
Bidg 4-258) 

MEMPHIS, TENN. — 4711 Popler Ave. 
MUtue!l 5-500! 


MERTZTOWN, PA.—Phone: Topton 
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KANSAS CITY, MO — 1412 W. 47th 
VA 7507 


TULSA, OKLA. — 1515 Archer %. 
Gibsen 7-7002 

FORT WORTH, TEXAS — 700! Glen Hills 

Rd VA 2621 

HOUSTON, TEXAS — 324 Hethewey $F. 
JAckson 61249 

EL PASO, TEXAS—<409 Leure! 43-7575 

SALT LAKE CITY, UTAH — P.O Bex 19 
HUeter 4-1662 


KIRKLAND, WASH — Rowte 4, Box 707 
VA 

BERKELEY, CAL. — 605 Addison 
TH 3-6826 


LOS ANGELES, CAL —Hollingsworth Bidg 
VA 1444 


LA 


MERTITOWN, PENNSYLVANIA 
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TANTALUM... 


there are many kinds 
of “costs” 


... but only one 


true COST 


@ahe cost of chemical processing equipment can 
be measured by the pound, by the square foot, 
by the unit, or by other yardsticks. Only one cost, 
however, is truly significant or all inclusive: the equip- 
ment cost per pound or ton of product per year. 
Tantalum, being immune and not merely “‘resistant” 
to acid attack, is an attractive material of construc- 
tion from an over-all cost standpoint. Properly used, 
it eliminates corrosion, product contamination, un- 
desirable side reactions; it also decreases down time 
and maintenance costs, It has excellent heat transfer 
properties and is not damaged by thermal shock. 
It is light in weight, easily installed, requires no 
elaborate framework. 
For low over-all costs in process equipment, look in- 
to Tantalum. The experience of Fansteel engineers will 
be a valuable supplement to your own technical staff. 


USE TANTALUM WITH ECONOMY for most 
acid solutions and corrosive gases or vapors. 


Not recommended for HF, strong alkalis or substances containing free SO3. 


Write for free TANTALUM booklet today! 


FANSTEEL METALLURGICAL CORPORATION 


Chemical Equipment Division 
NORTH CHICAGO, ILLINOIS, USA 


GO64A 
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INDUSTRIAL NEWS 


NEW PROCESS MARKS 
ELECTROMET ENTRY INTO 
TITANIUM PRODUCTION 


Entering the titaninum sponge 


field for the first time, Electro 


Metallurgical Co., a division of 


Union Carbide & Carbon, is using 


new reduction process. 


In what is claimed to be the first com- 
mercial production of titanium sponge in 
this country by a method other than the 
magnesium reduction process, Electromet 
will produce at a capacity of 7,500 tons 
per year in its new Ashtabula, O., plant. 
Largest titanium sponge plant built to 
date, the new unit marks Electromet’s 


| entry into this field 


(1957. 


| Some of the equipment at Electromet's new- 


process titanium sponge plant at Ashtabula, O. 


The process at Ashtabula is a sodium- 
reduction process in which sodium is 
used to reduce titanium tetrachloride to 
a metal of high quality. Advantages of 
the new method, according to Electro 
met, are both economic and technologi- 
cal. It has been under study, along with 
other methods, for more than six years 
at a cost of over $2 million. 

Titanium sponge itself has had a spec- 
tacular growth from some 3 tons in 
1948 to 7,200 tons in 1955 and an esti- 
mated 13,000 tons this year. Electromet 
expects its new plant to reach rated ca 
pacity by late 1956. 


The fourth sulfuric acid plant of 
Stauffer Chemical in California wil! 
be built at Dominguez, will cost some 
$2 million, will be on stream early 
in 1957. 0 


Construction is underway on a $7.5 
million expansion program to double 
electrolytic production of chlorine and 
caustic soda at the MelIntosh, Ala., 
plant of Olin Mathieson Chemical 
Corp. The expansion will increase the 
plant's capacity to 250 tons of chlorine 
and 280 tons of caustic soda per day 
Construction is being handled by Blaw 
Knox, completion expected by January 


0 
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this man’s plant 
is equipped with... 


PROCESS 
FILTERS 


Take a tip from this man . . . relax 
with the confidence that your 
filtration processes are efficient, 
trouble-free and profitable 

. with Process Filters. 


If you would like more 
information . . . contact 

Mr. Edward A. Ulrich, 
Vice President. 


See Process Filters 
in the Bowserama 

in yourcity..... 
watch for announcement 
of dates. 


VERTICAL LEAF VERTICAL BATCH HORIZONTAL LEAF HORIZONTAL BATCH CARTRIDGE 
FILTERS FILTERS FILTERS FILTERS FILTERS 


PROCESS FILTERS, INC. 
1807 Elmwood Ave., Buffalo 7, N. Y. 
A subsidiary of BOWSER, Inc. 


Ask about the time payment 
plan for capital investments. 


Photo by Underwood & Underwood 
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READCO'S IMPROVED MIXER DESIGN 
PROVIDES COMPLETE DISPERSION 
IN LESS TIME...FOR LESS COST 


Bakery-Chemical Division 
YORK, PENNSYLVANIA 


It's Readco's unique split-level 
dispersion bow! that makes 
the difference. It provides a 
greater ratio of surface to the 
volume of mix. Overlapping 
sigma arm mixing action ex- 
poses new surfaces and breaks 
down the entire mass with 
each rotation, producing a 
homogenous mix in a short 
mixing cycle, eliminating peak 
loads. Closer clearances be- 
tween mixer arms and shell 
prevent build-up of materials. 


Readco Paper Coating Mixers 
can be supplied for manual or 
hydraulic discharge in 150, 
350 and 750 gallon working 
capacities. Write for complete 
information. 


Chemical Engineering Progress 


INDUSTRIAL NEWS 


ETHYLENE OXIDE 


PLANT FOR GENERAL 
ANILINE 


Installation at Linden, N. J. will 
cost $8 million, will produce 60 


million pounds of ethylene oxide 


per year. 
Expected to go into construction in late 
August or early September, General 
Aniline & Film's new plant will also 


| be equipped to produce ethylene glycol 


of the anti-freeze, industrial and fiber 


| grades, as well as diethylene glycol. 


The new installation is an important 
part of General Aniline’s program of 


| expansion in the detergent field and the 


ethylene oxide from the new plant will 


| be used primarily in the production of 


the company’s own detergents and sur- 


factants. 
Scientific Design Co. has been selected 


| to design and engineer the new plant, 
will use its own direct oxidation of 


ethylene process. The ethylene will be 
purchased from the Enjay Co., will be 
pipelined from the recently announced 


| ethylene facilities of Esso Standard at 
| its nearby Bayway refinery. 


The plant is expected to be on-stream 
in 1957. The ethylene oxide, glycol, and 
diethylene glycol are also expected to 
find use in a great many other applica 
tions including: cellophane and phenolic 
resin plasticizers, polyester and alkyd 
resins, and various industrial chemicals. 

Another phase of the company’s ex- 


pansion program in the surfactant field 
is a new surfactant plant now being 
built at Calvert City, Ky. 


The pure molybdie oxide capacity of 


| Climax Molybdenum will be doubled 


with the installation of a second sub 


| limation furnace at its Langeloth, Pa., 


plant. Present production is 2,700,000 
pounds a year, the new capacity is al 
ready under construction with early 
September as the expected completion 


date. 


A new plant to mine and process Fuller's Earth 
has been put into operation in southwest 
Georgia by Waverly Petroleum Products Co., 
Philadelphia. Main use of Fuller's Earth in the 
petroleum and chemical industries is to make oil 
and grease absorbents. The plant will also pro- 
duce, in the neor future, fillers for chemical users, 
carriers for insecticides, slurries for drilling oil 


| wells and filter materials for chemicals and oil. 
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PROCESS DEVELOPED FOR 
COMMERCIAL PRODUCTION 


OF PERCHLORYL FLUORIDE DIS Cc a R OLL 


Pennsalt will become the first 

commerciol supplier of the pow- oo 
erful fluoride oxidizing agent 
through a production process on 


which patents are pending. 


Discovered in 1952. perchloryl fluoride 


is a powerful oxidizing agent still in the 

process of study for properties and ap- PRODUCT 

plications. OUTLET 
4 colorless gas, perchloryl fluoride is 

thermally stable even when heated to the 

softening point of glass, but will sup- 

port combustion as readily as pure oxy- 

gen. Not hydrolyzed by hot water, and 

only slowly decomposed by alkali solu- 

tions, its oxidizing action is increased at GYROTOR 

high temperature. It is non-incendiary AIR 


and can be safely stored, yet combustible CLASSIFIER 


materials will burn in it 
PNEUMATIC 


PRESSURE 
CONTROL 


The new compound has many poten- 
tial applications, in Pennsalt’s view, par- 
ticularly in the production ot new e€x- 
plosives and new chemicals. While the 
compound is still under study, and no Gane 
plant has been built, the new compound 
promises to be of considerable impor- 
tance to the process industries in the 
future. 


A 75,000 ton/year capacity styrene 
be — by at GRINDING 
range, Tex. The company will use DISC OR 
the styrene in making its synthetic TABLE 
rubber. 


Expansion now under way will in- 
crease by 50% the vinyl resin capacity 
of General Tire & Rubber’s Ashta- 
bula, chemical plant. Present 
capacity is 25 million pounds annually.0 


A magnesium bisulphite pulping and 
chemical recovery process will be 
installed at the Berlin, N. H., plant 
of the Brown Co., under license from 
Babcock and Wilcox. This will be the 
first “MgO” installation in the eastern 
part of the U. S. to recover both the 


chemical and heat values in waste sul 
phite liquor 0 The Hardinge Dise-Roll Mill is a roller-type mill with two 


adjustable, pneumatically loaded rolls for grinding material on 
a horizontal rotating dise or table ( Loesche type). The Hardinge 
“Gyrotor” Air Classifier, in combination with the mill, provides 
a complete grinding, classifying, and drying system. A full 
description is given in Bulletin 52-40. 


Low-pressure polyethylene plant with 
annual capacity of about 40 million 
pounds will be built by Celanese near 
Houston, Tex. The plant will use the 
Phillips process, will be completed dur 
ing the first quarter of 1957 


ARDINGE 


ready for use in July at Automatic | COMPANY INCORPORATED 


Control Co.’s St. Paul, Minn., plant 
for the manufacture of the company’s 


precision liquid level and pressure con YORK. PENNSYLVANIA 7 240 Arch St. « Main Office and Works 
trol systems New York Toronto Chicago Hibbing Houston + Salt Lake City Sen Francisco 


Vol. 52, No. 7 Chemical Engineering Progress Page 63 


ant 


4 
a 


i 


For new nitric acid production facil- 
ities, you can now call on Fluor, 
licensed to design and construct 
plants based on the DuPont Pres- 
sure Process. Fluor’s long experi- 
ence in the process industries is your 
insurance of a nitric acid production 
facility with low initial cost and 
trouble-free operation, The Fluor 
organization's complete integration 
permits each project to be carried 
through all phases... design, pro- 


2 


curement, and construction... un- 
der a single responsibility. 

The process offered is economical 
and completely proven, using only 
three raw materials—air, ammonia, 
and distilled water. Capacity may be 
as low as 50 tons per day or as high 
as required, An integral energy- 
recovery system substantially re- 
duces horsepower requirements, and 
the plants are characterized by min- 
imum operating costs. 


Engineers « Constructors 


The FLUOR CORPORATION, Ltd. 
2500 So. Atlantic Boulevard, Los Angeles 22, Calif. ¢ Offices in Principal Cities in the United States and Canada 
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Fluor’s unique ability to see every proj- 
ect as a whole... the economic as well 
as the technical details .. . is described, 
along with process description and op- 
erating requirements, in a new folder, 
NITRIC ACID PLANTS. Write for 
your copy today. 
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the chemical engineers’ 


to significant developments in 
® EQUIPMENT 


MATERIALS 
® SERVICES 


61 DrumtType Dryer. Called Drumuletor, unit is used for 
betch or continuous drying of feeds ranging from pasty or 
doughy mixes to granular material. Material is dried in the 
spece between the hested surfaces of the drum & belt 
Material is forced across the drum face by continuous intro 
duction of new feed material. it is in contact with the drum 
for two-thirds of @ revolution—then plowed off & again fed 
to the drum. Repested plowing off & return of material 
is seid to agitate & mix it, improving moisture release & 
presenting new materiel to the drum © rface. 

Material edvences across drum face « fraction of an inch 
each revolution. Drying is complete when moeterial hes 
traversed width of drum & is plowed off into discharge chute 


Steam heeted drum is designed for maximum operating 


pressure of 150 Ib./sq.in. Gas, oil, hot sir or hot water can 
be used. Advantages cited are: no heavy foundation required 
& minimum floor space; completely enclosed & easy to clean, 


eliminates need for crushing after drying; handies material 
previously dried only on tray dryers. Jeffrey Mig. Co 


(Continued on page 66) 
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card strip is scored for detaching. 
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products- 
advertised in this issue 


WC Technical Literature. Carbide and 
Carbon Chemicals Co. offer @ choice of 
seventeen booklets on « wide variety of 
chemicals. Also the 1956 edition of 
“Physical Properties of Synthetic Organic 
Chemicals.” 


3R Rotary Sifter. 6. F. Gump Co. Bar-Nun 
rotary sifters available with from 2 to 76 
sq.ft. of screen surface. With optional 
flows provide smooth, trouble-free per- 
formance. 


4A Mixers. Eastern mixers aveileble in 
types to satisfy al! conditions of fluid 
consistencies & tank sizes. Wide range of 
horsepower, speed & construction materials. 
Bulletins, Eastern industries, Inc. 


6A Package Pump. The new Verti-line 
peckege pump eveileble for wells as small 
as 4 in. Two through 72 h.p. Capacities 
to 7,500 gal./hr. Bulletin aveileble. Layne 
& Bowler Pump Co. 


7A Engineering & Construction. Badger 
Mfg. Co. design & construct plants for the 
process industries. 


SA Valves & Fittings. A year's service on 
hot detergent solution without corrosive 
effects is the record of Crane Co. alloy 
valves. Without any maintenance, valves 
continue positive control, 


9A Teflon. This tetrafivorocethylene resin 
ls now widely used where rugged service is 
required. Deta on properties & applications 
available from E. |. du Pont de Nemours 
& Co., Inc. 


Cooling Towers. The close alliance 
between end product & consistent cold 
water temperature demands proper tower 
performance. Marley Co. design for con- 
tinuous top-level performance. 


Gyretory Screen. New in design, 
performance, & economy, @ gyretory screen 
from Allis-Chalmers. Stainless steel con- 
struction & wide sizing range. Literature 
ovailable. 


12A Alley Products. Where rugged ser- 
vice is required solid steiniess does the 
job. In some cases stainless cladding may 
do the job. Consult Sun Shipbuilding & 
Dry Dock Co. 


13A  Refractometer. An accurate automatic 
indicator of changes in composition by 
continuous measurement of refractive index 
of flowing liquid sample & comparison to 
liquid standard. Consolidated Electro 
dynamics Corp. 


14A Reactors. Autoclave Engineers now 
build plant size reactors with lab-equipment 
precision. Send for bulletin. 


15A Refractory Materials. Exposed only 
to heat, Carborundum Company's refrac 
torles can be used with complete safety 
at temperatures above 3,000°F. Ask for 
“Refractories” the magazine in which heat 
resistance is thoroughly explored. 


Packless Valves. Valves for nuclear 
service built with psinstaking quality con 
trol by The Wm. Powell Co. Three types 
iustrated for use with heavy water, molten 
metals, etc. 


17A impervious Graphite. Called Kerbete 
& used for fabrication of process equipment 
this graphite said to cost less & lest longer. 
Literature from National Carbon Co. 


18A Tubing. A wide range of sizes & 
alloys in top quality instrument tubing eveil- 
able from Superior Tube Co. Send for 
guide to selection & application of this 
tubing. 


19A Chemical Porcelain. insure the safety 
of your maintensnce lines by using Lapp 
insulator Co. Tufclad. This solid chemical 
porcelain is armored with fiberglass 
reinforced plastic. 


201 Hydrocarbon Resins. Use of Panarez 
resins improves the quality of tires, floor 
tile, wire covering, etc. No change in 
compounding technique required using 
Penerez resins. Pen American Chemicals 
Corp. 


21A Graphite Electrodes, & Specisities. 
Extensive research on carbon & graphite 
contributes a plus factor to Great Lakes 
Carbon Corp. products. 


22A Chempumps. A new unit for hen- 
diing hot fluids has no seals, stuffing 
boxes, fluid loss or contamination. Just 
one moving pert. Bulletin 1040. Chem- 
pump Corp. 


23A Filters. One answer to difficult filtra- 
tion problems is @ test unit on the job. 
Eimeco Corp. units can be used as stendard 
drums, precoating drums, pressure drums, & 
pressure precoating drums. 


24A Dryers. Product uniformity results in 
profit. Proctor & Schwartz, Inc. drying 
equipment for the food & process indus 
tries achieves this end. 


25A Cooling Coll Unit. From Allis-Chalm 
ers @ cooling coil insulated from the tank. 
Main arc is confined within the coil, thus 
preventing arc transfer to the tank. 


26A Valves. Valve clinics to determine 
needs of industry ere reguler occasions 
with Cooper Alloy Corp. At area & in 
plant meetings their engineers work out 


specific problems of users, specifiers, & 
buyers. 


27A Silica Gel. Davidson Chemical Co. 
pioneered in the first commercially used 
silica gel. Since then it has led in produc- 
tion of the material & offers wide variety 
of particle sizes, densities & adsorptive 
capacities. 


28A Bronzes. Five types of Ni-Vee 
bronzes are the products of International 
Nickel Co., Inc. Ask for booklet “Engineer- 
ing Properties and Applications of Ni-Vee 
Bronzes,” for complete information. 


29A Engineering-Construction Service. if 
you sre considering plant expansion or 
modernization take advantage of the long 
experience of the Girdier Co. Consultation 
aveilable. 


320A Process Equipment. Whatever your 
need in the field of process equipment 
Whitlock Mfg. Co. is prepared to supply it. 
In addition to standard equipment they de- 
sign for specific requirements. 

31A Joints & Couplings. Chemical ex- 
pansion joints & flexible couplings act as 
insurance for your chemical piping. Ask 
for ceialog for additional information. U. S. 
Gasket. Belmont Packing Co. 


32A Centrifuges. Three types of high 
capecity automatic solids discharging centri- 
fuges are the product of Sharples Corp. 
Take advantage of their process laboratory 
for test purposes. 


33A Jet Apparatus. Schutte and Koerting 
are fabricators of jet apperatus, rotemeters 
& flow indicators, valves, & heat transfer 
apperatus. For detailed information ask for 
their bulletins. 


34L Tank Car Rupture Disc. A new model 
TC rupture disc from Black, Sivells & 
Bryson, Inc. which will not corrode or 
fatigue while car is in transit. Adaptable 
to either standard bolted or threaded type 
tank car fittings. 


35A Process Control. Called Cyclelog, « 
controller from Foxboro Co. which enables 
establishment of intricate control programs 
for process variables. 


346A Centrifugel Pumps. With 70,480 
37A -ombinations to choose from Worth- 
ington Corp. SESC line allows you to 
custormbulld your pump from stock parts. 
Insures prompt delivery st low cost. 


DEVELOPMENTS OF THE MONTH (Continued) 


62 Recording Thermometer. Developed by 
Pacific Transducer Corp.—a low-cost record- 
ing maximumminimum thermometer. Mea- 
sures ambient temperature & records both 
low & high valves over given period of 
time. Features replaceable paper chart on 
which @ permanent record of temperature 
is shown. May be quickly replaced & 
filed for reference. May be used for 
recording temperatures in ovens, incubators, 
curing rooms & greenhouses. 


(Continved on page 67) 
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38L Motorpumps. From Ingersoll-Rend Co. DEVELOPMENTS 

pumps designed for deliveries of 5 to OF THE MONTH s 

2800 gal./min. Operate in any position. (Continued) 

Sizes to 75 hp. 
+ 


39A String Filter. One of the many types 
of filters made by Filtration Engineers inc. 
improves filtration on jobs ranging from 
thick fibrous cakes to thin sticky slimes. 


40A Mixer. An efficient & versatile unit 
for mixing solid propellants for rockets & 
other uses. Heat transfer is direct & posi- 
tive. Bramley Machinery Co. 


41A Process Equipment. M. W. Kellogg 
Co. long a leader in the design & fabrication 
of petroleum & petrochemical equipment 
is prepared to use their knowledge to your 
advantage. 


42A Lithium. Lithium’s uniquely valuable 
differences in organic & inorganic chemistry, 
metallurgy, & heat transfer repay investige- 
tion. Lithium Corporation of America, Inc. 


43A lon Exchange. To increase yields, 
simplify flow sheets & cut labor costs when 
used with other proc- 
esses use ion exchange. Information avail- 
able from Permutit Co. 


‘9 MON 
HOM ST 


MON 


SSInNisng 


44A Process. Combines proved ‘Method for efficient 
advantages of catalytic Houdriforming with joining of Unitrace . fF 
other process resulting in practical ap ‘*vOn® hes been 
proaches to higher octanes at low invest- introduced by —" fs 
ment cost. Houdry Process Corp. informe = Company 5 
tion available America. Unitrace is 

an integrally ex- 


46A Plastic Tubing. Recommended read- 
ing for design engineers is the booklet 
“Tygon Tubing,” issued by U. S. Stoneware 
Co. Gives complete & detailed information 
on the subject. 


262A Stainless Steel Plates. When in the 
market for stainiess steel pletes, plete 
products, forgings, bers & sheets contact 
G. O. Carlson, Inc. 


47A Filters. Engineering special edapte- 
tions of standard filters to meet particular 
requirements is continuous with Sparkler 
Mfg. Co. Specialists in filters for food, 
pharmaceutical, petroleum & other indus- 
tries. 


truded steam traced 
aluminum pipe & the 
new system involves 
@ special cast flange 
made in alloy A356 
16. Features built 
in product & steam 
tracing line. When 
joining two sections, 
trace lines are cut 
beck approximately 
in. from the 
ends of the sections 
to be joined. Flanges 
are then slipped on 
to each section end. 
Sections & flanges 
ere welded at front 


SIA Mixers. Illustrated is the No. 15 faces & necks of 
Baker Perkins Inc. mixer for specisl use In flanges using 4043 
mixing of rocket propellant for high-energy weld wire. Adven 


fuel materials. Constructed of steiniess 
steel, unit is powered by « 50 h.p. silent 
chain drive motor. Catalog available. 


(Continued on page 68) 


tege: prevention of 
“freezing” of prod 
uct between sections. 


(Cont. on page 68) 
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A indicates full 
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tisements. 


HO, MON 


| 


Page 67 iw 4 


| 
= 


products-(com.) 
advertised in this issue 


52A Pipe insulation. Called Unibestos & 
said to be only single-layer pipe insulation, 
material provides positive protection et the 
joints. Built with strong interlacing fibers 
of Amosite. Union Asbestos & Rubber Co. 


53A Pulverizing & Conveying Units. Mikro- 
Pulverizers & MikroCollectors ere the 
products of Pulverizing Machinery Div., 
Metals Disintegrating Co., Inc. Bulletins 
available on the Mikro Laboratory & Mikron 
test grinding date sheet. 


544 Turbo Feed Pumps. An integral unit 
results from matched pump, turbine & 
governor in minimum size with low steam 
consumption. Widely used for boiler feed 
services. J. S. Coffin, Jr., Co. 


55R Flow Meters. Predictable performance 
floats permit Flowrator meters with true 
percentage scales to be carried in stock. 
Fischer & Porter line includes many other 
types of metering units. 


Wire Cloth. Made of all malleable 
metals in many meshes you ere enabled 
to select one cloth to meet your conditions 
of corrosion and/or contamination. Newark 
Wire Cloth Co. Catalog available. 


57A Process Equipment. Read the quick 
facts sbout the services & equipment 
Pfaudier Co. has available to sid you in 
reduction of corrosion & processing costs. 
Literature available. 


59R Cerresion. Help in solving your cor- 
rosion problems available from Atlas Min- 
eral Products Co. Facilities are geared to 
help with on-the-spot technical advice. 


60L Tantalum. An attractive material of 
construction because of its immunity to 
acid attack, it hes excellent heat transfer 
properties & is not damaged by thermal 
shock. Ask for booklet. Fanstee! Metal- 
lurgical Corp. 

61A Process Filters. Iilustrated are some 
of the filters in the line of Process Filters, 
Inc. Units seid to be trouble-free & to 
operate with profit. 


624 Mixer. Read Stendard Corp. improved 
mixer design provides complete dispersion 
in less time at less cost. Hes « greater 
ratio of surface to volume of mix. 


63R DiscRoll Mill, This is rollertype 
mill with two adjustable, pneumatically 
loaded rolls for grinding material on « 
horizontal rotating disc or table. Gyrotor 
air classifier, combined with mill provides 
complete system. Bulletin. Hardinge Co., 
Inc. 


64A Witric Acid Plant. if you are building 
new nitric acid production facilities call 
on Fluor Corporation Lid. licensed to de 
sign & construct such plants. 


69A Laboratory Spray Dryer. The Bowen 
Engineering, Inc. conical laboratory spray 
dryer features an interchangeable nozzle 
or wheel atomization, providing extreme 
operating flexibility. Capacity 15 to 80 
Ib. /hr. 


72TL Laminates. For corrosion resistance, 
for electrical insulation cut costs by using 
Carl N. Beetle Plastics Corp. glass reinforced 
polyester, epoxy, phenolic laminates. 


Jet Mixer. Unit affords extremely 
good agitation & mixing without entrap- 
ping air. Send for folder. Hermas Machine 
Co, 


73R Vertical Pumps. Lawrence Pumps Inc. 
fabricate vertical pumps with no submerged 
bearings for pumping sbrasive corrosive 
slurries. Full details available in Bulletin 
203-6. 


74. Kiln Flights. Knowledge of how to 
use several alloying elements to advantage 
in the fabrication of these kiln flights 
brings out special characteristics & solves 
all corrosion problems. Duraloy Co. 


75R Heat Exchangers. To be efficient, 
heat exchangers should be designed for 
the job they do. Industriel Filter & Pump 
Mfg. Co. offer a complete design & manu- 
facturing service. 


Process Equipment. Falls industries 
Inc. employ Impervite graphite to fabricate 
their line of process equipment. Informa- 
tion available on each product. 


DEVELOPMENTS OF THE MONTH (Continued) 


64 Epoxy Adhesive Kit now being pro- 
duced by Houghton Laboratories, inc., 
Olean, New York, is @ new development 
utilizing the outstanding bonding properties 
of the epoxy resins. Big feature of the 
Kit is that correct proportions of resin and 
hardener are contained in two flexible 
tubes. User need only squeeze two beads 
of equal length on mixing surface, mix 
thoroughly, end adhesive is ready for use. 
Human errors are eliminated and precise 
mixture for best results is automatically 
assured. Applications of the Kit are many 
and verious. Epoxy resins make excellent 
bonds metal-to-metal, metal-to-wood, wood- 
to-wood, glass, ceramics and other plastics. 


(Continued on page 70) 
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77R Conveyor Dryers. Built to specifica 
tions determined by experience gained 
through yeers of specialization National 
Drying Machinery Co. units incorporete 
many exclusive developments. Folder 
aveilable. 


76L Heat Exchangers. Facilities of Down 
ingtown tron Works, Inc. ere available to 
turn out your corrosion-resistance exchang 
ers in materials of your choice. Ask for 
Bulletin HE. 


792 Centrifuges. Modern continuous 
chemical processing units available from 
Centrico, Inc. are the product of Westfalia 
Separator A.G. For use in the chemical, 
pharmaceutical, food processing & oil in 
dustries. 


SIL Heat Transfer & Process Units. Ilive 
trated ere but a few of the Manning & 
Lewis Engineering Co. products. Designed 
for quality performance. 

82L Liquid Coolers. From Doyle & Roth 
Mfg. Co., Inc., packaged liquid coolers for 
water, oils, gases, & other liquids. Package 
includes complete refrigeration cycle plus 
other parts. Sizes 5 to 100 ton refrigere 
tion. 


86L Woven Wire Screens. Available in all 
corrosion-resistant metals & designed for 
long life & better service, woven wire 
screens from Cleveland Wire Cloth & Mfg. 
Co. Write for bulletins. 


86R Product Dats. Whether your need is 
to know sbout motors or other units turn 
to Chemical Engineering Catalog to quickly 
find the answers you need. Reinhold 


Publishing Corp. 


87R Flexible Ball Joints. Now available in 
sizes from 2 through 6 in., in @ variety of 
types, Barco Mfg. Co. steam jacketed flex- 
ible ball joints handle sulfur, asphalt & 
other materials efficiently. Catalog. 


S8BL Spray Nozzles. Binks Mfg. Co. line 
of spray nozzles conteins « size & spray 
pattern for every purpose. information 
available on nozzles & cooling towers. 


S8TL Fittings & Flanges. Unplasticized 
PVC fittings made by the Hendry process 
are available from Tube Turns Plastics, Inc. 
Good corrosion resistance. Handles most 
chemicals to 165° F. Booklet. 


89R Mixers. Called Mix-Muller unit spe 
cifically designed to give a thorough blend 
of dissimilar & disproportionate materials. 
Handbook available. Simpson Mix-Muller 
Div., National Engineering Co. 


9OTL Rectifiers. Called Sel-Rex, germanium 
rectifiers from Bart-Messing Corp. are com 
pletely sealed & liquid cooled. No bolting 
or alignment to bother with. Single units 
225 to 50,00 amp. 


908L Gauges. Two types illustrated. Fee- 
tures & other pertinent data listed. Bulletin 
describes other glassware in line. Kontes 
Glass Co. 


9ITL Pump. For use in pumping liquids, 
gases, slurries without corrosion or con 
tamination. Ask for catalog. Sigmamotor, 
Inc. 


(Continved on page 79) 
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BOWEN CONICAL 
LABORATORY SPRAY DRYER 


| of 


Interchangeable Nozzle 
or Wheel Atomization 
provides extreme 

operating flexibility 


CAPACITY 


to 80 Ibs/hr 
water evaporation 
depending on inlet 

_ temperature and 

product drying 
The New Bowen Conical Laboratory 
Spray Dryer has been especially designed 
for economical product evaluation and 
production of limited quantities of val- 
uable materials. Particular attention has 
been given to operating features and ease The New unit can be seen in oper- 
of cleaning. Surfaces in contact with feed ation, by appointment, at the Bowen 
material and product are stainless steel | Laboratory in North Branch. 


throughout. Drying temperatures are 
variable up to 1000°F to accomodate a 
wide variety of materials. 


Write for Bulletin 34 BOWEN ENGINEERING, INC. 


Describes the Bowen Conical Laboratory NORTH BRANCH 13, NEW JERSEY 
Spray Dryer in detail and gives complete ere 
technical specifications. 


BOWEN SPRAY 
necognized Leader in Spray since 197° Offer You More! 
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products- 
advertised in this issue (Cont.) 


9IBL Vacuum Equipment. from Jet-Vac 
Corp., steam jet ejectors, vacuum equip- 
ment, & condensers, 


91R Agitetors. Read the long list of fea- 
tures incorporated in Philadelphia Gear 
Works, Inc, fluid agitators. Bulletin. 


Expansion Joints. ASME approved & 
stamped high flexibility joints for shell & 
fixed tube heat exchangers. Flexibility to 
+3 in. of lateral expansion. Richard M. 
Armstrong Co. 


944 Portable Mixer. To enable you to 
mix liquids in any container, the Alsop 
Engineering Corp. portable mixer. Does 
hundreds .of mixing jobs at low cost. 
Easily adjusted to correct mixing angle. 


94R Temperature Control. Claud Gor- 
don Co. are manufacturers & engineers of 
temperature control instruments, thermo- 
couples & accessories & other units. 


95R Slime Control. Chlorination of cool- 
ing water eliminates heat transfer losses 
caused by slime formation. Wallace & Tier- 
nan Inc. invite inquiries concerning cooling 
water chlorination. 


96TL Laboratory Glassware. Every item in 
the Diamond D Bive line from Doerr Glass 
Co. will measure with maximum accuracy 
& uniformity. Ask for brochure. 


9681 Low-Volume Pump. Available from 
stock @ low-cost, low-volume pump from 
Eco Engineering Co. Capacities 1 to 10 
gal./min. Pressures to Ib./sq.in. 
Bulletin. 


97R Cone Blender. For fast, thorough 
mixing investigate the Paul O. Abbe Inc. 
cone blender, Design insures complete 
dispersion & mixing. 


99L Dryers. Building dryers for highly 
diverse industries over a period of years 
enables fabrication of a dependable unit 
for your product. C. G. Sargent’s Sons 
Corp. 


Large O.D. Pipe. For specislized uses 
in chemical plants, & fabricated from ver- 
jety of materials Posey tron Works, Inc. 
fabricate pipe 20 in. diem. & larger. Com 
plete information available. 


100L Gages, Valves & Specialties. Jer- 
guson Gage & Valve Co. products are made 
especially for the chemical & petrochemical 
processing industries. Ask for data on 
your needs. 


1O1R Piping, Valves, Ducts, etc. Fabri- 
cated from corrosion-resistant polyethylene 
& PVC components. These fittings have 
made possible trouble-free handling of 
corrosive acids, & other materials. Amer- 
ican Agile Corp. 


Precision Bore Stirrers. interchange- 
able parts are featured in stirrers made by 
Wilmad Glass Co. Parts available from 
stock. 


1O1BL Flow Indicator. Now available ap- 
proximate measurement of water flow in 
gal./min & air flow in cu.ft./min. with 
Schutte and Koerting Co's. ball flow in- 
dicator. Dual scale for water & air. 


102BL Grinders. if your product is re 
quired to be pulverized ultrafine with 
controlled particle size the Schutz-O’Neill 
Co. unit will do the job. Six sizes 7'/ 
to 125 h.p. with grinding chambers 12 to 
28 in. in diam. 


102TL Process Equipment. Artisan Metal 
Products, Inc. design & manufacture a 
variety of process equipment units as well 
as pilot & complete plants. 


103R Pumping Control. Use of 
Motors Varidrives handle variable speed 
pumping problems in all types of industry. 
Available in V4 to 60 hp. with speeds 2 
to 10,000 rev./min. 


1034 Pumping Progress Report. A report 
on how their pumps can do your job. Ask 
for Data Sheet 67A describing the 6 in. 
Stroke Direct Flow Series. Aldrich Pump 
Co. 


104L Laboratory Oven. Ace Glass inc. has 
recently improved the design of their Blue 
M ultra modern ovens & made them more 
convenient & economical to operate. Write 
for Supplement No. 1. 


DEVELOPMENTS OF THE MONTH (Continued) 


65 Micro-Feeder, Unit was originally de- 
signed to fill need of petroleum industry 
for highly accurate, low capacity liquid 
metering instrument. Delivers uniform, 


pulsation-free flow at precisely controlled 
rate, independent of variations in feed 
pressure or changes in viscosity or vapor 
pressure of liquid handled Accuracy 
+0.25% of set rate. Reloading is manval— 
with clutch disengaged, hand wheel may be 
turned to reload cylinder. Standard equip- 
ment includes measuring cylinder assemblies 
of 316 stainless steel & explosion-proof 
electrical equipment for hazardous locations. 
Available in three models with feed rates 
from 1.0 to 800 cc/hr. & discharge pres- 
sures to 2,000 Ib./sq.in. gege. Propor- 
tioneers, Inc. 
(Continued on next page) 
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"A CHECK your Data 
Service requests on 
the handy postcard 
on page 65 to 


GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 


105TR Gate Valve Line Blind. It is easy 
to change line blinds with the Greenwood 
gate valve line blind from Vernon Tool 
Co., Ltd. No bolts to loosen, no lifting of 
plates, no spreading of line. 


1058t Bulk Material Control. The new 
Roto-Bin-Dicator mounts outside bin at any 
angle, for bin level signaling or machinery 
control. Micro switch in motor housing. 
Bin-Dicator Co. 


105BR Fin & Pipe Coils. Made of stainless 
steel for handling corrosive air mixtures or 
liquids to be heated or cooled fin & pipe 
coils from Rempe Co. Engineering Data 
Book available. 


105TL Spray Nozzles. Performance-proved 
for every operation spray nozzles from 
Spraying Systems Co. Actually tens of 
thousands of nozzles to choose from. 


Catalog. 


106L Silicone Defoamers. Three types 
available to cut process time & boost pro- 
duction, Eliminate waste & fire hazard of 
boilovers. Dow Corning Corp. 


107TR Proportioning Pump. Called Micro- 
flex a chemical proportioning pump with 
pressures to 60,000 Ib./sq.in. & capacities 
0.97 to 31.21 gal./hr. Simplex & duplex 
types. American Instrument Co. 


1078R Adjustable Sprocket Rim. Rede- 
signed for greater strength, easier, quicker, 
more solid assembly, an adjustable sprocket 
rim with chain guide from Babbitt Steam 


Specialty Co. 


Steam-Jet Evactor Units. Chemical 
processes involving high vacuum evapora- 
tion, distillation of vacuum cooling of cor- 
rosive materials are opportunities for con- 
sideration of Croli-Reynolds Co., Inc. units. 


1BC Controlled Volume Pump. Reducing 
chemical costs & upgrading product quality 
are problems covered in bulletins on con- 
trolled volume pumps available from Mil- 
ton Roy Company. 


O8C Mixers. For the latest mixing in- 
formation & full description of Lightnin 
mixers one of the available bulletins from 
Mixing Equipment Co. will prove useful. 
For close control of product quality & 
uniformity 
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equipment- 


1 Thermocouple Assembly. From Conex 
Corp. @ well illustrated catalog covering « 
line of thermocouple assemblies & pressure 
glends. Unique is the Safetywell essembly 
furnished complete with thermocouple. 
Offers protective features of closed well 
combined with high pressure safety seal 
in the Conax thermocouple gland. 


2 Hydraulic Pump Motor. The new spline 
coupling method of hooking up a hydraulic 
pump to an electric motor’s output shaft 
eliminates adapter & alignment problems. 
Installation time about 1/10 of conventional 
hookup. Reuland Electric Co. spline-coupled 
hydraulic pump motors are available in 
ratings 15 h.p. through 40 h.p.; frame sizes 
324U & 26U. Single or double end pump 
installations. Engineering data available. 


3 High Pressure Apparatus. Chemtech 
Products Corp., U. S. representatives of 
Andreas Hofer for autoclaves, reaction 
vessels & contact apparatus have available 
an illustrated catalog of this equipment. 
Date sheet gives details in addition to 
that given in book. 


4 Welding. Welding repairs & fabrica- 
tion are considered in a bulletin from 
Metalweld, inc. Outlines various processes 
for repairing broken or worn machinery; 
structural repairs to other equipment, plus 
special fabrications from rolled steel plates 
or slabs for construction purposes. Port- 
able equipment available for in-plant repair 
work. 


5 line Blinds. Tee & ell type gate vaive 
line blinds designed to simplify piping & 
manifold installations. Their use permits 
compact piping arrangement & eliminates 
surplus fittings. Engineering data & cutaway 
views in bulletin. Greenwood Valve Div., 
Vernon Tool Co., Lid. 


6 Entrainment Separators. From Schuyler 
Mfg. Corp. bulletin on line of entrainment 
separators for use in petroleum, chemical, 
food processing, & other industries. Clean, 
positive liquid/vapor separation in process 
vessels assured 


7 Control Equipment. A new, well illus 
trated bulletin from Consolidated Electro- 
dynamics Corp. covers their analog & digital 
systems, fects for new product develop- 
ment, process control, maintenance of 
product quality & other areas. 


8 Teflon Packings. New bulletin from Ray- 
bestos-Manhattan, Inc. on their Teflon pack- 
ings & gaskets. Illustrates & describes 
split & folded types of envelope & solid 
gaskets, Teflon stuffing box, plus various 
types of valve stem packings. Lists avail- 
able sizes, properties, & service recom- 
mendations. 


9 Electric Heaters & Heating Devices. A 
60-page binder insert catalog from General 
Electric Co. devoted to electric heaters & 
heating devices. Contains application index, 
calculating data, specifications, operating 
information on standard G-E units. Included 


Technical Litercture Technical Literature ¢ 


are immersion, strip, cartridge, tubular, fin 
heaters, oven equipment & control. 


10 Nickel & Nickel Alley Tubing. A brief 
but highly serviceable handbook from Su- 
perior Tube Co. covers nickel & nickel alloys 
for use by designers, production engineers 
& purchasing executives. Tabuletes specific 
mechanical properties & chemical composi- 
tions of 13 analyses of nickel & nickel 
alloy tubing drawn at the Superior mill, 


Blower. Read Standard Corp. ilive- 
trated bulletin on the Standardaire blower 
A modern compressor featuring high effi- 
ciency, compactness, clean air delivery & 
many other features. Cutaway views & 
capacity tables included 


12 Heat Exchangers. Titled “Lummus 
Standard Heat Exchangers for Process In- 
dustries,” brochure includes descriptions of 
the design specifications & construction 
details of standard units; tables of effective 
surface area available; dimensional tables & 
thermal design data with necessary tables. 
Lummus Co. 


14 Water-Cooling Units. Steamijet units 
for supplying commercial quantities of 
chilled water at temperetures as low as 
35° F. are covered in @ bulletin from Inger- 
soll-Rand Co. Lists range of sizes available 
with approximate dimensions. Sizes 30 to 
1,200 tons of refrigeration. 


15 Water Filters. Pressure type water 
filters from Graver Water Condtioning Co. 
are completely described in their new 
bulletin. Lists uses, design features & engi- 
neering details of pressure sand & gravel 
filters. Also included are details on acces- 
sory equipment, types of controls available 
& detailed table giving capacities, size & 
space requirements. 


16 Flecculation & Clarification Unit. From 
Dorr-Oliver inc. @ 12-page 2-<olor bulletin 
on the Dorrco Clarifiocculator, a combina- 
tion unit which provides flocculation & 
clarification in a single tank, applicable 
to treatment of water, sewage, & industria! 
wastes, in addition to operations in the 
chemical & process industries. Major ad 
vantage is transfer of floc from one 
chamber to another without disintegration 
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17 Tubing & Pipe. Technical date folder 
from Bebcock & Wilcox Co. This binder 
insert will aid engineers associated with 
equipment design involving use of tubing 
at elevated temperatures & pressures. Gives 
maximum stress valves for 
ferrous pipe & tubing. 


18 Poresimeter. A complete poro-structure 
analysis of any porous material performed 
in @ ten-minute opersting cycle by means 
of the Aminco-Winslow Porosimeter. Meas 
ures sizes of pores ranging from 0.) mm 
to 0.06 microns & pore volumes as small 
es 0.0005 mi. at each pore diameter 
INustrated bulletin gives details. American 
Instrument Co., Inc. 


19 Temperature Controls. Aveileble from 
Partlow Corp. new condensed catelog 
covering the majority of their temperature 
controls. Bulletins on individual controls 
also available. 


20 lLiquidfeed Blender. Detsils of the 
new Patterson-Kelley Co., Inc. liquid-feed 
twin-shell blender for adding liquid to dry 
materials conteined in 2-page date sheet 
Said to achieve perfect dispersion of liquids 
into dry moeterials in minutes & without 
clumping & agglomeration. Single blend- 
ing operation introduces liquid into dry 
materials. 


21 Spray Drying. Complete service in the 
field of spray drying is available from 
Bowen Engineering, Inc. Their well-ilive- 
trated bulletin covers leboratory, semi- 
works, pilot, & high tonnage sprey dryers 
plus paeckege production units. Complete 
details given on each type. 


22 Centrifuge! Pumps. From Ampco 
Metal, inc., two bulletins, one on their 
bronze welding electrodes, the other on 
their centrifugal pumps. Both are well 
illustrated & replete with details of con 
struction, usege, etc 


23° Industrial Filters. How these filters can 
lower production costs is theme of 10-page 
bulletin released by R. P. Adams Co., Inc. 
Cites case histories from filtering city water 


(Continued on page 72) 


DEVELOPMENTS OF THE MONTH (Continued) 


66 Magnetic Flow Meter. This product of 
Foxboro Co., previously limited to minimum 
line size of 2 in., is now available for 
1 in. flow lines. Smaller meter offers same 
unique advantages of larger unit. Accuracy 
+1% of full scale throughout entire scale 
No restriction of low, linear flow readings, 
performance unaffected by pressure, vis 
cosity, density of changes in conductivity 
of flowing liquid. Unit consists of non- 
magnetic flow tube with an insulating liner 
containing flush-mounted metallic electrodes 
& surrounded by an ac. electromagnet 
When «@ conductive liquid passes through 
the tube, it sets up an alternating voltage 
between the electrodes which varies linearly 
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in proportion to the rete of flow. teed 
wires from the electrodes transmit this 
voltage ovipyt to « Foxboro Dynalog 
Recorder which produces @ chert record in 


appropriate units of flow. The |! in. meter 
handles full scale flows of 10 gal/min. or 
greater (Continved on page 73) 


BONATE BUILDS ’EM BIG AND BETTER ! 


This 20,000-gallon Bonate-built tank stores waste sulphuric 
acid prior to neutralization ond eventual disposal. Fabri- 
cated for one of the industry's leading chemical producers, 
i) surpassed the specs for strength and corrosion resistance. 
Tank, installation and maintenance costs were reduced! 


We hove the experience and ability to formulate and build 
the big ones! Would you like particulars ? Inquiries invited. 


Glass Reinforced 
POLYESTER, 
EPOXY, PHENOLIC 


LAMINATES 
Carl Beetle 


PLASTICS CORP. 
Subsidiary of Crompton 


and Knowles Loom Works 


MOLDERS & FABRICATORS 


processing, plating, storage & truck 
tanks; ducts, pipe, stacks, parts, etc. 


146 Globe Street 
Fall River, Mass. 
Tel: Osborne 7-9464 


without ENTRAPPING 


paste and for making fine dispersions. 


“We get extremely good agitation and mixing with 


your jet mixer,” they state. 


“And it does the job without entrapping air. We 
can use the full capacity of the mixing vessel due to 
the fact that there is no swirling action. There is no 
vortex and there is no foam, the reason for such 


superior performance.” 


DISPERSION IS HIGHLY EFFICIENT 


All material in the mixing container is drawn into the 
mixing chamber where it is immediately disintegrated 


homogeneously, compressed 
through the outlet jets, and dis- 
charged with high kinetic energy. 


This continual recirculation of 
material, aided by the pumping ac- 
tion of the pitched turbine blades, 
is rapidly repeated until all the 
material is uniformly treated. 


Send for Jet Mixer folder 
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“EXTREMELY GOOD 
AGITATION and MIXING 


with Hermas Wlcrer 


One of this country's leading chemical manufacturers 
uses a Hermas Jet Mixer for blending concentrated 


HERMAS 
MACHINE COMPANY 
ROYAL AVENUE 
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(Continued from page 71) 


to filtering recirculation water from cooling 
towers & spray ponds. New line of IWF 
filters featured. Shows sectional views in 
three colors, installation drawings, etc. 


24 Mud Filter. Availability of a new bul- 
letin on the Oliver-Campbell Mud Filter is 
announced by Dorr-Oliver inc. Describes 
distinguishing characteristics, construction, 
sizes, operation & advantages of this widely 
applied can filter & auxiliary equipment 
required for operation. 


25 Filter Aids. Celite line of filter aids 
from Johns-Manville. ‘illustrated bulletin 
describes details of nine types, technical 
assistance available. 


26 Agitator Drive. Operation & mainten- 
ance of the Pfaudier Co. PW drive for 
agitators used in chemical processing cov- 
ered in bulletin. New tips on installation 
& maintenance. includes chart on recom- 
mended motor horsepower & shows sug- 
gested speeds plus other pertinent data. 


27 Demineralization. A technical reprint 
from Graver Water Conditioning Co., 
“Status of Demineralizing for Treatment of 
Boiler Feedwater in Today's Power Plants,” 
discusses in detail the advantages & dis- 
advantages of this process. Of special in- 
terest to design, consulting & operating 
engineers. 


28 MeterPump. Called  Hills-McCannea- 
meter, this unit, @ meter that pumps, is 
described in a new bulletin from Hills- 
McCanna Co. Meters small quantities pre- 
cisely, pumps at high pressures, has a wide 
output flow range, has no frictional parts 
in liquid end. Cutaway view in color. 


29 Stainless Steel Pipe. For those asso- 
ciated with the design or maintenance of 
processing equipment & piping an 8-page 
technical folder from the Tubular Products 
Div. of Babcock & Wilcox Co. Considers use 
of seamless & welded stainless steel pipe 
& stainless welding fittings in the process 
industry where corrosion & elevated tem- 
peratures are factors. Contains application 
data plus hints on bending, joining & 
welding. 


CHECK your Data 
Service requests on 
the handy postcard 
on page 65 to 


GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 


July, 1956 


For Corrosion Resistance! Electrical Insulation! 
a 


Developments of the Month 
(Continued) 


67 TRANSITE 
PRESSURE PIPE IN- 


now TO STALLATION for 
Jonns-Manvitie overhead industrial 
TRANSITE water and process 
PRESSURE lines is covered in 
owe a new 48-page 
guide from Johns- 

Manville. Divided 
| into 15 sections, 

| text covers such 
subjects as: hang- 
| Ing and supporting 


the pipe, bracing 
for thrusts, the 
poured flange 
coupling, and the Roto-split flange coupling. 
Diagrams of typical Trensite systems for 
overhead lines are included. Additional fea- 
ture is @ listing of suppliers of fittings, 
accessories and couplings. In convenient 
x 8” size, guide's rounded corners 
make it easy to carry and use; ring binding 
to lay flat on desk or table; more than 50 
illustrations. 


(Continved on page 75) 


30 Measuring Equipment. Eighty different 
devices ere covered in 40-page “testing: 
instruments reference book” just released 
by General Electric's Instrument Dept. Con- 
tains complete product information includ- 
ing applications, sources of additional in- 
formation & pictures. Products range from 
simple thickness gages to the mass spec- 
trometer leak detector. Measurement cate- 
gories include color, leak detection, insule- 
tion & radiation monitoring. 


31 Titled “Engineered Drying,” « 
bulletin from Surface Combustion Corp 
Tells how continuous dryers replace batch 
operation in production of glue & gelatin, 
dairy products, chemicals, foods, pherme- 
ceuticals, etc. 


32 Flow & Level Sensing Devices. Avto- 
matic devices that indicate a lack of mea- 
terial supply or flow in a handling opere- 
tion described in technical reference offered 
by Richardson Scale Co. Units give warning 
by bell, horn, light or other suitable means 
when leck of supply or flow is detected in 
chutes, conveyors, bins & the like. 


33 Aluminum Flow Chart. Outlining the 
production of aluminum from mining of 
the ore through reduction to metal, an 
illustrated flow chert from Reynolds Metal 
Co. Wall chart printed in color is 15 by 
21 in. Same chert available on heavy 
paperboerd for teachers. 

34 Temperature Reguletor. A new bulletin 
from A. W. Cash Co. gives complete in- 
formation on the Standard Staco Series V 
self operating temperature regulator. 
Recommended for steam, water, gases, & 
all fluids not corosive to brass. Operates on 
a liquid filled thermostatic system, either 
direct or reverse acting. 

(Continved on page 74) 
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VERTICAL 
PUMPS 


WITH 


NO SUBMERGED 
BEARINGS 
FOR PUMPING 
ABRASIVE 
CORROSIVE 
SLURRIES 


2” Dual Dischorge 
Pump for pumping 
molten coustic slurry 


This rugged type of service calls for 
advanced design: — extra heavy shaft, 
double-ported casing to equolize the 
side thrust of the impeller, and tough 
abrasion-corrosion resistant alloys. The 
dual discharge pump illustrated here in- 
corporates these features and dispenses 
with bearings or pocking below the 
cover plote where they would be in con- 
tact with the liquid. 

Difficult pumping problems, particu- 
larly in the process industries, have been 
our specialty for ninety- 
one yeors. Perhops we 
can be of help to you. 
Write us — no obligation. 


LAWRENCE 
PUMPS 
INC. 


371 MARKET STREET, LAWRENCE, MASS, 


® Technical Literature | 
| 
| 
| 
’ 4 7 
| 
| 
| 
many, 
| 
| 
| 
| 
~ 
Write for Bulletin 
203.) for complete 
summary of add 
ond chemical pump 
dota. 
3 
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35 Heat Exchangers. Air-cooled heat ex- 
changers are the subject of a new Griscom- 
Russell Co. bulletin. Describes in detail 
design, construction, distinctive features & 
applications. Included are specifications 
sketches of available arrangements, & de 
scriptions of mechanical equipment & con- 
trol apparatus for various service require 


36 Glass Pipe & Fittings. From Fischer & 
Porter Co. a new catalog on their line of 


glass pipe & fittings. Fabricated from 
C inl er Pyrex brand glass tubing, units are designed 
for laboratory or pilot plant use & special 
. services. Sizes V4 to | in. internal diameter 
1S tou h available from stock. Also described are 
new threaded meta! couplings for metal-to- 

giess & gless-to-giass connections. 


37 Attrition Mills. A double-disc attrition 
mill is one in which both discs revolve in 
opposite directions. Each disc is powered 
by @ built-in motor or V-belt drive. Plates 
designed for the specific function are ilius- 
trated & described in @ bulletin from Bauer 
Bros. Co. Mills are adaptable to grinding 
of materials including powdered metals, 
grains, wood flour, etc. Proper selection 
of mill plates & speed enables many types 
of special processing by attrition milling. 


38 Vacuum Dehydrator. Developed by 
Chain Belt Co. an exclusive vacuum dehy- 


drator. Because of its flexibility the con- 
tinvous Chain Belt Vacuum Dehydrator 
can be adapted to drying a wide variety 
of products. Illustrated bulletin shows cut- 


... here’s one that lasts sway ven gen dete 


39 Centrifugel .Pumps. Double suction 


f n addition to the heat single-stage centrifugal pumps are described 
There's an element of abrasion, too, in a 
and some corrosion. It’s a 3-way problem which our metallur- Wheeler Mfg. Co. Reco nti 


gists recognize and understand, Duraloy Flights used in many eral service wherever liquids of low vis- 


j j hese three requirements ver cosity are to be moved. Case is split on 
kilns ere taking care oF Rote horizontal center line & rotating parts may 


satisfactorily. be removed for maintenance without dis- 


turbing piping. Cross-section drawings & 
While chromium and nickel in varying proportions are the 
principal alloying elements in most high alloy castings, some- discharge are included. 
times operating conditions call for several alloying elements 
and knowledge of how to use them to bring out certain special 


characteristics, 


CHECK your Data 


Service requests on 
the handy postcard 
on page 65 to 

GET up-to-the-minute 
catalogs, data sheets 


in our thirty-five years of high alloy casting experience we have 

encountered and solved some very difficult corrosion — tem- MA 
perature — strength problems, Perhaps we can help you in 
connection with your high alloy casting requirements. 


COMPANY and bulletins on new 
ie chemical products, 
12 East 4lst Street, New York processes and equip- 
23906 Woodward Avenue, Pleasant Ridge, Mich, ment. 


CHICAGO OFFICE. 332 South Michigan Avenue 
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ASK ABOUT 
68 Temperature Controller, Fenweal, Inc. 


have designed as plugin unit new 
thermistor-actuated temperature controller. e 

Use is in assembling single- or multi-point ’ 

temperature control systems. Consists of 

three elements: the plugin control unit; 


@ power supply on separate chassis; 
thermistor-sensing probe. Because unit is 
plug-in, @ system for controlling tempera- 


tures at multiple points can be set up ’ "at ‘ 
conveniently & economically simply by ly 
grouping required number of control units in} 
onto a single power chassis. Ty 


(Continued on page 77) 


40 Control Valves. Known os “B” type 
control valves this line recently developed 
by C. B. Hunt & Son, Inc. is said to offer 


features never before available. Valve ie The most efficient heat exchangers are 
chambers of units are formed by aluminum . designed for the job. The problems of thermal 
tn end shock, corrosive liquids and gases vary so 
abutment, patented arrangement which idely that onl 

simplifies internal construction. Available we y that ve tailored heat exchanger con 
in single & double solenoid, also lever & , give reol assurance of safe, long use. 

single & double piloted designs. Industrial offers complete design and manu- 
41 Velves. Seid to be # new valve design ; facturing service. Experienced engineers will 
& included in a bulletin from P-K Indus- give you fast accurate answers to the questions 
tries, Inc. are a line of valves specifically of size, single or multiple pass, concentric tube, 
for use on tougher & more difficult prob- or tube bundle, series or parallel. industrials 
lems in automatic & manual valve opera- plont is large ond versatile 


tion. An illustrated bulletin of interest to 
process & pressure system design engineers int » + » able to machine ond 
& users of automatic control & manual 
valve equipment is available. 


fabricate any required mate- 
rials... and ship completely 
assembled exchangers. 


42 Purchasing Guide. Engineers & 
nical purchasing specialists looking for the 


| heet tal 
‘ On your next heat transfer problem call 
fabrication will find this guide a helpful “ ; industrial, f i d in 
source of information. Published by S. ie a experienced engineering. 
Blickman, Inc. it anticipates problems, de- is 
scribes how special fabrication skills solved ; es In advance— Write for 
problems involving intricate shapes, close ' “Heat Transfer Equipment" 


tolerances, special welding techniques. Bulletin 600-2. 


43° «Flow Meter. Transometer manufactured 
by Askania Regulator Co. is described in « 
bulletin. Gives applications for & features 
of unit. Unit comprises a positive displace- 
ment type flow meter & pneumatic signal 


f Thy 

pe 
transmitter. Diagram illustrates how device 
is used for flow, ratio & combustion con- 3 
trol and other uses. 


(Continued on page 76) 


FILTER & PUMP MFG. CO. 
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IMPERVIOUS GRAPHITE | 


“CORROSION PROOF 


PROCESSING 


IMPERVITE equipment is unaffected by the action of all corrosives except a few 
highly oxidizing agents. This material provides excellent thermal conductivity (5 
times that of stainless) and is immune to effects of thermal shock. For new equip- 
ment or replacements, consider the following facts: Original cost of IMPERVITE 
equipment is surprisingly low because of a high degree of standardization. Oper- 
ating efficiency is of the highest level, and impervious graphite normally will 
provide a longer service life than any other material of construction. 


TUBE & SHELL 
HEAT EXCHANGERS 


Standard components are carried in 
stock for quick delivery of most IM- 
PERVITE Tube and Shell exchangers 
from 7 to 650 tubes in 9 and 12 foot 
lengths. All normal tube and shell de- 
sign features are available as standard. 
Custom designs are furnished on order. 


CUBICAL 
HEAT EXCHANGERS 


... provide maximum transfer surface 
in minimum space ... and only Falls 
Industries offers a complete, standard- 
ized line of CUBICAL exchangers to 
meet most requirements. This design 
accommodates operating pressures in 
the 150 psi range. 


CROSS-BORE* 
HEAT EXCHANGERS 
Featuring a rugged, heavy-duty, one- 
piece bundle, CROSS-BORE exchang- 
ers are furnished in standard, sing 
and multi-pass models for heat transfer 
areas to 187 square feet. CROSS-BORE 
exchangers are especially easy to clean, 
and withstand operating pressures in 
the 150-200 psi range. 


CASCADE COOLERS 
IMPERVITE Cascade Coolers feature 
low-pressure-drop ells and flush 
nozzles. As standard models they are 
furnished in 5 tube sizes, and three 
different models. 


CENTRIFUGAL PUMPS* 


Outstanding service is afforded by the 
Falls’ designed seal, which is virtuall 

leak-proof. Standard IMPERVITE 
pump models are furnished up to 200 
gpm, 100 ft. head, and specials are 
available in the range of 1000 gpm. 


RUPTURE DISKS* 


.+. a new idea in frangibles from Falls 
... expendable and economical. IM- 
PERVITE Rupture Disks are standard 
for 150% flanges, temperature to 300° 
F., 5° accuracy, diameters from 2” to 
12”. Specials are furnished to 30” 
diameter, to 250 psi burst, to 700° FP. 
temperature. 


ALL IMPERVITE EQUIPMENT IS PRODUCED 

COMPLETELY WITHIN THE FALLS INDUSTRIES 

ORGANIZATION UNDER THE CLOSE CONTROL 
OF CHEMICAL ENGINEERS. 


SEND INFORMATION ON: 
CROSS. BORE PUMPING X-CHANGERS 


CUBICAL PIPE & FITTINGS 
& SHELL VALVES 

CASCADE COOLERS TowERs 

MCL ABSORBERS PLATE HEATERS 
Pumps GAYONET HEATERS 
RUPTURE DISKS MACHINED 
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PERCLUSIVE FALLS DESIGN 


Sells Gre 


Phone, CHurchill 8-S357 
Teletype, Solon 0-720 


31911 Aurora Road * Solon, Ohio 
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44 Hydrogen Sulphide Detection. An im 
proved hand-operated detecting instrument 
for hydrogen sulphide announced by Mine 
Safety Appliances Co. Features dual scale 
to provide accurate readings in percentages 
by volume or in grains per hundred cubic 
feet. Detects concentrations as low as 
0025 per cent & up to .04 per cent by 
volume. 


45 Atmosphere Analyzer. A new bulletin 
from Harold Kruger instruments describes 
an instrument for detecting & recording 
concentrations of pollutants in the atmos 
phere. Gives continuous record of ozone 
nitrogen oxide, nitric oxide, & sulfur di 
oxide present in air. 


46 Electrolytic Water Analyzer. An instru 
ment for measurement of smal! quantities 
of water in gas streams is announced by 
Manufacturers Engineering & Equipmen’ 
Corp. Simple & low priced, instrument per 
mits of instantaneous & accurate measure 
ment of water content down to less than 
one part per million. 


47 Disintegrators. Added to Rietz Mfg. 
Co. line of size reduction equipment are 
model RI disintegrators. Wide range of 
applications in chemical process & related 
industries. Units are suitable for mounting 
in reaction vessels & for dispersion of 
liquids under pressure. Available in stain- 
less or carbon steel as standard items. 


48 Differential Refractometer. A new auto- 
matic recording mass collecting differential 
refractometer is announced by Phoenix 
Precision Instrument Co. Capable of plot 
ting refractive index changes in any non- 
opaque liquid stream. Valuable for 
qualitative & quantitative analyses of ma- 
terials such as alkaloids, steroids, antibiotics, 
rare earths. 


49 Wire Rope. Recommendations for use 
in industrial services are the subject of a 
brochure from American Chain & Cable Co., 
inc. Contains 24 pages of information- 
packed material. Covers more than 120 
different types of wire ropes used in con- 
struction by bulldozers, scrapers, derricks, 
& many other units. 


MA CHECK your Data 
Service requests on 
the handy postcard 
on page 65 to 


GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 
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69 NONAUBRICATED LIFT-PLUG VALVES 
by Cameron iron Works employ surfaces 
held to extreme tolerances to seal per- 
fectly without lubricants. Friction is elim- 
inated because plug is lifted from seat be- 
fore rotating, never touching seat except 
when completely open or closed. Give 
satisfactory performance in oil well drill- 
ing & producing, refining & gas processing 
plents, pipe lines, & chemical plant & 
general services. 


materials- 
55 Compressed Gases & Gas Regulators. 


From the Matheson Co., Inc. a bulletin on 
their line of gases & gas regulators. Con- 
tents include information on adapters, 
controls, cylinders, various gases, geuges, 
valves & other items in the line 

56 Triallyl Citrate. Data sheet #521 on « 
new fermentation-derived compound from 
research by Chas. Pfizer & Co., Inc. Product 
is not in commercial supply but 4 oz. re- 
search samples are available without charge. 
Of special interest to polymer research 
groups. 

57 lon Exchange Catalysts. from Per- 
mutit Co. @ new 12-page booklet entitied 
“Permutit lon Exchange Catalysts.” De- 
scribes advantages of using ion exchangers 
as catalysts for epoxidation of unsaturated 
oils & olefins, hydration of ethylene oxide, 
esterification of alcohols, & other uses. 
58 Morpholine Derivatives. Technical bul- 
letin on N-substituted morpholine deriva- 
tives released by Carbide & Carbon 
Chemicals Co. discusses uses & potential 
applications, physical & physiological prop- 
erties, plus shipping data. 

59 Epoxy Compounds. A series of three 
bulletins from Becco Chemical Div., Food 
Machinery & Chemical Corp., covers new 
long-chain epoxidized olefins, octylene 
oxide, dodecene oxide, & Ciuw—Cyw olefin 
oxide. Structure, typical properties & chem- 
ical reactivity of each compound are pre 
sented. 

60 Propylene Diamine. A new technical 
bulletin on propylene diamine from Carbide 
& Carbon Chemical Co. presents information 
on wses, physical & physiological proper- 
ties, specifications, & constant-boiling mix 
tures. Material is @ strong organic base 
used in synthesis of chelating & sequester- 
ing agents for fuel olf & high octane 
gasoline. 
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ia Uee “NATIONAL” 
CONVEYOR DRYER IS DESIGNED TO GIVE 


“NATIONAL” Conveyor Dryers are built to specifications determined by experience 
gained through years of specialization in the Drying Machinery field. They incorporate 
many exclusive “NATIONAL” Developments which have established new standords for 
drying speed ond efficiency. Like all “NATIONAL” Dryers, the Conveyor Types ore 
engineered to assure unequalled uniformity and speed under critical drying \ onditions, 
and to provide the lowest possible cost per unit of product dried. They can readily be 
designed for uninterrupted, production-line connection with “NATIONAL” Extruders, 
Automatic Feeders or other special handling equipment, of either “NATIONAL” or 
other manufacture. 


With “NATIONAL’S” Unique unit construction, there are virtually no limitotions as to 
size or productive capacity of either the Single Apron, Multiple Apron or Combination 
Dryers. Present installations range from small, compact units, to mochines up to 250° 
or longer. Units can be easily added at any time, to toke core of future increases in 
capacity requirements. 


illustrated above: View from enclosed end of ‘National’ fourteen-section multiple-unit 
Single Apron Conveyor Dryer with three-zone control. 


Send for Folder Describing “National” Single and 
Multiple Apron Conveyor Dryers and Related Equipment 


YING MACHINERY CO. 


(4 
THE 


ane 
LEHIGH AVENUE and “ANCOCK STREET 


PHILADELPHIA 33, PENNA. 


New England Agent: JONES & HUNT INC., Gloucester, Moss. 


Cable Addrem: “NADRYMA”’—W. U. Code 
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Stainless steel plus nickel alloy 
equals corrosion-resistance 


Inconel and stainless heat exchanger built for Barrett Division, Allied 
Chemical & Dye Corporation, Shell Diameter: 30’. Tube Length: 12’ 0’. 
Tubes: 1" O.D. x 14 ga. Tube Sheet Thickness: 2’. Materials: Inconel 
shell, tubes, tube sheets. Stainless steel heads, Type 316L. 


Corrosion-resistant materials 
a heat exchanger specialty at Downingtown 


We have the engineering, welding and fabricating experience to 
turn out your corrosion-resistant exchangers in the materials you 


PHILLIPS EXPORTS LOW- 
PRESSURE POLYETHYLENE 
PROCESS TO ITALY 


Low-pressure ethylene, and 
other polyolefins, production bat- 
tle now sees Phillips licensing its 
process in Italy. 

Phillips Petroleum Co. has licensed 
Societe Solvay et Cie to use in Italy the 
Phillips-developed process for making 
rigid polyethylene by the low-pressure 
method. Solvay et Cie, while a Belgian 
company, has an operating office in 
Italy, and the agreement grants Solvay 
et Cie exclusive use of the Phillips 
patents and technical knowledge for the 
plastic in Italy. 

Phillips itself is constructing a 110,- 
000,000 pound per year plant to produce 
the low-pressure polyethylene at its 
Adams Terminal site on the Houston 


Ship Channel, 


Under license from Phillips Petro- 
leum, three French chemical com- 
panies will join forces to build a 
plant ‘for the production of a family 
of plastics using Phillip’s low-pressure 


specify: stainless, nickel, nickel alloy, aluminum bronze, car- 
bon and many others. Our design recommendations often save 
money. Send for Bulletin HE. Your engineers will find it useful. 


Aluminum bronze for these five coolers 
saved the customer 25% on equipment 
costs, assured corrosion resistance. Each 


s fixed tube sheet unit is 20” in diameter 
h x 20’ tube length. Each has 282 alumi- 
A num bronze tubes 4" O.D. x 12 ga. 
Hs fe Centrifugally cast channels. Design pres- 


sure: 150 pounds per square inch on 
both shell and tube sides. 


Stainless steel Type 304 is the material 
for these four tube bundles. The large 
one fits a 47° shell, has 1225 stainless 
tubes, 4" O.D.x 14’ 0" long. Tube sheet: 
2%" thick. Baffles: %" thick. The other 
three bundles are 22" in diameter; each 
contains 352 tubes 4" O.D. x 16 ga. x 
12’ 0” long. Tube sheets: 1%" thick. 
Baffles: 4" thick. All stainless steel. 


Downingtown Iron Works, Inc. 


HEAT EXCHANGERS—STEEL AND ALLOY PLATE FABRICATION 
1458 S$. 66th St., Milwaukee 14 * 52 Vanderbilt Ave., Room 2032, 
New York 17 * 271 Hanna Bidg., Cleveland 15 * 936 W. Peachtree 
St, N.W., Room 144 Atlanta 9 * 208 S. LaSalle St., Room 765, 
Chicago 4 * 586 Roosevelt Bidg., Los Angeles 17 * 106 Wallace 
Ave., Downingtown, Pa. 


polyethylene process. The French 
companies are Societe des Usines 
Chimiques Rhone-Poulenc, Etablisse- 


ments Kuhlman and Compagnie Fran- 
caise de Raffinage. The plant will be 
located near Le Havre. oO 


The first Butyl synthetic rubber plant 
to be built overseas has been licensed 
to Societe du Caoutchouc Butyl, a cor- 
poration formed by ten French com- 
panies, by Esso Research and Engi- 
neering. Capacity will be 20,000 tons 
per year, on-stream date is expected in 
1958, location is Port Jerome near 


Le Havre. oO 


A low-pressure polyethylene plant 
will be built in Beek, Netherlands, by 
Staatsmijnen who have bought the 
license for the Ziegler process for the 
entire Benelux. oO 


The first American company to put 
a factory in Munich, Germany, wil! 
be Beckman Instruments, Inc., when 
its new $300,000 building is completed 
in late October. 0 


multi-million-dollar contract for 
the modernization and expansion of 
Esso Standard Oil., S.A., Belot Re- 
finery in Havana, Cuba, has been 


awarded to Arthur G. McKee and Co. 
Refinery capacity will be increased from 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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This 21,700 bbi./day refinery of the Common- 
wealth Refining Co. went on stream recently ot 
Ponce, Puerto Rico. Almost immedictely the 
Lummus Co., designer, engineer and constructor 
of the plant, was given a contract to more than 
double capacity. This new expansion will be 
completed early in 1957, will bring capacity to 
some 55,000 bbi./day. 


Japan’s first major petrochemical 
project will be a $30 million facility 
for the production of chemical inter- 
mediate for the manufacture of syn- 
thetic textile fibers and other im- 
portant chemical products, to be built 
by Mitsui Petrochemical Industries, 
Ltd. The project will be financed en- 
tirely by Japanese capital, but design 
and engineering of a large part of the 
facilities will be done by Scientific De- 
sign Co., New York. The major chem- 
ical move is aimed at the Southeast Asia 
market. O 


A contract for the design and erec- 
tion of a plant for the granulation of 
ammonium nitrate at the Grand- 
Couronne works of the French com- 
pany Potasse & Engrais Chimiques 
has been given to the Engineering Divi- 
sion of the Societe Belge de L’Azote 
et des Produits Chimiques du Marly, 
a Belgian firm. The Belgian company 
will install its own process in the French 


plant. 


The new Soviet journal, Atomic En- 
ergy, published by the Academy of 
Sciences of the U.S.S.R., will be trans- 
lated by Associated Technical Services, 
East Orange, N. J., and will be avail- 
able at the rate of $85 a year for the 
six issues. 0 


A 150-ton/day nitric acid plant will 
be designed and built for Potasse & 
Engrais Chimiques of Paris, France, 
by Chemical and Industrial Interna- 
tional, Ltd., Nassau, Bahamas, a sub- 
sidiary of The Chemical and Indus- 
trial Corp., Cincinnati, O. C & I In- 
ternational, which has exclusive rights 
to license Chemical and Industrial’s 
processes outside the United States and 
Canada, will build the plant at PEC’s 
Grand Couronne nitrophosphate works. 
This is the first C&I designed high pres- 
sure nitric acid plant to be built in 
Europe where the atmospheric or low 
pressure method has been popular for 
many years. 
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modern 
centrifuges 
for 
continuous 
chemical 
processing 


Is your field chemical, pharmaceutical, food processing, fuel oils? Westfalia’s 
complete line of continuous clarifiers and separators offer the solution to your 
problem with superior time, labor, and money-saving equipment. Westfalia's 
continuous centrifuges handle: Liquid-solid clarification; liquid liquidsolid 
liquid-liquid counter-current solvent extraction; and concentration 
of solids. 


SKIG centrifuges used where one liquid 
taining solids is clarified or to concentrate 
solids in relotively small portion of liquid. The 
‘Jet -O Matic’ has continveus clerificetion, unique 
recycling system, lerge diameter nottles end 
pressure discharge by centripetol pump 


SKOOG “Jet-O-Matic’ recycle oi! separator 
lergest available nozzlie-type. Constant re- 
cycle. Sectioned hood. Easy cleanin 
Applications: immiscible liquids. Vegetable 
end animal oils 


SAOH “‘Liquid-SEAL” automatic de-sludger 
Continous centrif with avtomatic sludge 
discharge. Stainless steel at all contact 
points. Available with built-in single or 
double centripetal discharge pump Can be 
weed os separator, clarifier, or extractor 


LG “Liquid-SEAL” pilet plant centrifuge 
Triple pur machine. Serves os sepor- 
otor, clarifier, or extractor. Has ruggedness, 
efficiency of larger equipment. All 316 
stainless steel, Double centripetal discharge 
pump Laberotory, pilet plant 
and small production 


SOLE DISTRIBUTOR FOR WESTFALIA SEPARATOR A G 
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Write for Free Literature 


NUCLEAR ISSUE 


JUNE, 1956 


Basic papers on chemical engineering theory applied to 


the nuclear field appear 


in the current June issue of the 


Published quarterly by the American Institute of Chemi- 
cal Engineers, the A.|.Ch.E. Journal contains the reports 


of current research 


and theoretical developments in 


chemical engineering and allied branches of engineer- 


ing and science. 


Subscription: Members, $4.50 annually, $7.50 for two 


years; Nonmembers, 


JOURNAL 
25 West 45 Street 
New York 36, New York 


Enclosed is my check... money order... for $ 
subecription to the Journal. 


$9.00 annually. Single copies, $3. 
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NUCLEAR NEWS 


“CONTAINMENT” 
PHILOSOPHY AT 
SAVANNAH RIVER 


Du Pont sets up radiation control 
group to protect personnel and 
facilities, saves valuable time in 
long run. 


Laboratories that work with radio- 
active faced with the 
problem of protecting workers ade- 
quately from the hazards of radioactivity 
as well as preventing interruption of 
work in progress. 

To this end, there are two basic phil- 
osophies : 

1. Dilute, disperse and decontaminate. 

2. Concentrate and contain. 

In applications of the dilute and dis- 
perse method, the radioactive material 
is directly accessible to the worker ; this 


materials are 


practice is similar to normal chemical 
laboratory operations. The worker is 
protected by the design features of the 
building, the use of special clothing, and 
careful monitoring of his working area. 

The second philosophy requires that 
the radioactive material be isolated from 
the worker at all times. This practice 
involves the use of gloved boxes, junior 
caves, and other specialized equipment. 


Organization at Sevannah River 


After review of the experience of 
other laboratories, the Savannah River 
Laboratory adopted the containment 
philosophy. A radiation control group 
was formed to put this method into prac- 
tice. 

The radiation control group is divided 
into two subgroups: radiation facilities 
and radiation services. 

The radiation facilities group, made 
up of both engineers and technicians, is 
responsible for the supply of all required 
special equipment, including gloved 
boxes, shielded facilities and associated 
manipulators, shielded containers and 
casks. To save time and money, special 
consideration has been given to stand- 
ardization of equipment and _ inter- 
changeability of parts. 

The radiation services group contains 
engineers, technicians, and less highly 
trained inspectors. The major function 
of the group is to advise laboratory per- 
sonnel on the hazards and methods of 
handling radioactive material and to 
procure, store, and disburse radioactive 
materials. Members of this group also 
assist in the training of new or inex- 
perienced personnel, and are responsible 
for the monitoring of the area and per- 
sonnel for presence of radioactivity. 

The radiation control group as a 
whole operates in close liaison with the 
research staff. Each new operation is 
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discussed in advance and planned in 
detail. Every effort is made to provide 
adequate protective measures, including 
determination of what action should be 
taken in the event of unusual inci- 
dent, such as a spill of radioactive ma- 
terial, fire, equipment failure, or injury. 

The laboratory has now been in 
operation slightly over two years, and 
results to date have been excellent. It 
would appear that the philosophy of con- 
tainment offers many advantages in safe- 
guarding personnel health, and in pro- 


an 


tecting an experimental facility from the 
hazards of handling radioactive mate- 
rial. The additional time required to 
plan and set up the operation frequently 
results in an overall decrease in time 
for completion of the project. 


Condensed from a paper, “Containment Phil- 
osophy at the Savannah River Laboratory,” by 
A. J. Hill, Jr, €. 1. du Pont de Nemours and 
Company, presented at the Cleveland Nuclear 
Engineering and Science Congress. 


When the second session of AEC’s 
School of Nuclear Science and Engi- 
neering ended in June, the 62 students, 
including 47 from 23 foreign coun- 
tries, who comprise the Third Ses- 
sion began advanced study at the 
School's facilities at Argonne National 
Laboratory. Their preliminary study 
at North Carolina State and Penn State 
completed, the group will embark on a 
ten-month session which includes un- 
classified courses in design, construction, 
and operation in nuclear research re- 
actors; principles of power reactor de- 
sign; handling of irradiated materials; 
and many other subjects concerned with 
peacetime application of atomic energy. 


Among the foreign students, Ceylon, | 
Denmark, Finland, Korea, Venezuela 
and Yugoslavia are represented for the 
first time. 0 


Thirty nuclear scientists and engi- 
neers, all of them prominent in their 
fields and several internationally 
famous for pioneer work in atomic 
energy, will spend from one to three 
months in San Diego this summer with 
the General Atomics Division of Gen- 
eral Dynamics Corp. The summer-long 
conference with General Atomic’s staff 
is considered by the company as an out- 
standing opportunity to plan the labora- 
tory’s immediate research and long-term | 
goals. The unique experiment demon- | 
strates General Atomic’s belief that fun 

damental approaches are the most direct | 
way toward significant technological ac- 
complishments. Among the nuclear lead- 
ers present will be: Manson Benedict of 
MIT, R. Courant and R. D. Richtmyer 
of NYU, T. Welton of Oak Ridge, 
J. W. Kennedy of Washington Univ. 
in St. Louis, and D. Gurinsky, head of 
the metallurgy division at Brookhaven. 
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The heat transfer and p units 
shown are only a very few of the 
many designed and fabricated by 
Manning & Lewis Engineering Co, 
every year. 


This confidence must be warrabted: 


Our customers have proof, fro 
association that their heat ex 
and process equipment will be: 


DESIGNED 
«+ for Top Quality Performance 


ENGINEERED 
«-- for Economy and Efficiency 


FABRICATED 


+++ with strict adherence to speci, 
tions and drawings 


These claims are for US to 
prove! Send us your next 
job for quotation. 


We are accustomed to 
working with all ferrous 
and non-ferrous metals. 


Mopaing 2 Lewis 
nginerung Mg CG. 


32 Ogden Street 


Newark 4, New Jersey 
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SUNDAY, SEPTEMBER 9 


INDUSTRY-UNIVERSITY RELATIONS IN THE 
PROCUREMENT OF TECHNICAL PERSONNEL— 
PANEL DISCUSSION, G. A. Webb, presiding. 
industry representatives are: Fred Denig, 
Koppers Co.; J. W. Raynolds, Chemical & Metal- 
lurgical Division, General Electric; C. B. Hill, 
Jr., Organic Chemical Dept., Du Pont. 
University representatives are: E. W. Schoen- 
born, Dept. Chemical Engineering, North Caro- 
lina State; J. E. Hedrick, Cornell; C. E. Wange- 
man, Bureay of Placements, Carnegie Tech. 


MONDAY, SEPTEMBER 10 


SCIENTIFIC AIDS TO MANAGEMENT—CHEM- 
ICAL ENGINEERING OPERATIONS RESEARCH, 
G. D. Creelman, presiding. 


Introduction to Operations Research, R. 
Ackoff, Case institute, Cleveland, O. 

Review of the evolution and present state 
of development and application of O. R. in- 


cluding the methods, tools, and problems it 


is best able to attack. 


Methods and Tools of Operations Research, W. 
W. Cooper, Carnegie Tech, Pittsburgh, Pa. 

A detailed description of the types of in- 
dustrial applications of O.R. 


Management and Scientists Form « Team— 
Some Problems in Cooperation, R. W. Wallen, 
Creelman, Associates, Cleveland, O. 

The importance of the “team” concept in 
O.R. and some of the problems that are met 
in maintaining a cooperative team approach. 


Putting Operations Research to Work in Indus- 
try, T. M. Ware, International Minerals and 
Chemical Corp., Chicago, III. 

Ware, who has been responsible for the 
introduction of O.R. into his company, will 
discuss some of the practical problems involved 
in O.R. studies. 


UNIT OPERATIONS IN NUCLEAR ENGINEER- 


| ING, G. Sege, presiding. (Simultaneous with 


first Operations Research symposium.) 


Heat Transfer to Water in Turbulent Flow in 
Internally Heated Annuli, 8. P. Stein & W. 
Begell, Columbia U., New York. 

Nearly 900 values of local heat transfer 
coefficients were correlated for water flowing 
through long annuli of varying widths, elec- 
trically heated at their inner surfaces. An 
equation giving the best correlation for 
evaluating physical properties at the usual 
film temperature was developed. 


Void Fractions in Two-Phase, Steam-Water 
Fiows, H. S. Isbin, N. C. Sher, and K. Eddy, 
Univ. of Minnesota, Minneapolis, Minn. 

Void fractions and pressure drops were 
measured for steam-water mixtures, the void 
measurements compared with the reports of 
other investigators, and attention directed to 
the wide discrepancies existing in the current 
literature on two-phase flow. 


Experimental Studies on Steam-Water Pressure 
Drops in an Annulus with Heat Transfer, C. PR. 


| McNutt & M. W. Carbon, General Electric, 
| Richland, Wash. 


In this study of two-phase flow, pressure 
drops are reported for forced circulation of 
steam-water mixtures through a uniformly 
heated annulus. 


(Continued on page 84) 
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Mellon Square, with Alcoo Building 
ond Wm. Penn Hotel in background. 


Pittsburgh Coke & Chemicals’ inte- 
grated facilities on Neville Island 
one of the plant trips. 


Air view of U. of Pitts 
burgh, Tower of Learning 


Prrrssunon OFFERS BLUE-RIBBON PROGRAM 


he metamorphosis of Pittsburgh into 

a city of beauty, recreation, and cul- 
ture makes it the great 
monuments to American 
technology. Couple this with hospitable 
and for residence 
and entertainment, and you have a fit 
ting site for the forthcoming fall meet- 
ing of A.1.Ch.E.—Sept. 9-12 

Kicking off on Sunday, a panel dis- 
cussion on the recruiting of students for 
industry will explore ways in which in- 
dustry-university relations can be im 
proved for the benefit of the graduate 
making his decision regarding the first 
step of his technical career. Then, on 
Monday, the technical program begins. 

That the technical sessions will com- 
prise a program impressive in both scope 
presentation 


one of 
science 


now 
and 


convenient facilities 


of subjects and extent of 
of new technical information is brought 
out in the following discussion of ses- 
sions—an adjunct to the detailed tech- 
nical program included on the accom- 
panying pages. 


Scientific Aids to Management 
Operations research, the scientific, or 
mathematical, approach to the solving 
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By J. 8. Bardin & 8. G. McGriff 


of management decision problems, is al- 
ready an active field for many chemical 
engineers, who combine knowledge of 


PLANT TRIPS 
MONDAY, SEPTEMBER 10 


Mellon Institute 
Pittsburgh Coke & Chemical 
Shippingport Power Reactor 


9:30 AM 
9:30 A.M 
1:30 P.M 


TUESDAY, SEPTEMBER 11 
Pittsburgh Coke & Chemical 
U. 5. Bureau of Mines 

U. S. Steel Corp 


WEDNESDAY, SEPTEMBER 12 
Aluminum Co. of America 
Jones & Laughlin Steel 

Gulf Research & Development 
Climax Molybdenum Co 


9:30AM 
2.00 P.M 
2:00 P.M 


9:30 AM 
9:30 AM 
1,00 
1:00 P.M 


NOTE: Pre-registration for foreign na- 
tionals is required for the Shippingport 
and Pittsburgh Plate Glass trips 


processing with the specialized qualities 
of the O.R.-man. Now new methods are 
being developed which open fields for the 
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employment of engineers and scientists 
at higher levels of problem definition 
and solution. The morning 
O.R. will review these developments, the 


session on 
afternoon will be devoted to the report 
ing and discussion of actual case studies 

The statistical approach used in oper- 
ations research is particularly useful to 
the engineer in planning for the future 
where quantitative account can be taken 
of the probabilities of the values of such 
critical factors as raw materials costs, 
market price of product, growth of mar 
ket, and The 


range of application of these techniques 


extent of competition 


is wide, and few chemical engineers will 
go home from Pittsburgh without being 
stimulated and better equipped to make 
use of these techniques, at least to some 
degree, in their own companies’ opera 
tions 

Several of the large chemical and 
petroleum refining firms are represented 
by papers, and the meeting will provide 
an opportunity to learn what these lead 
ers in the processing application of O.R 
are doing, what their experience has 
been 


(Continued on page BA) 
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PITTSBURGH OFFERS... 
(Continued from page 83) 


Unit Operations in Nuclear Engineering 


The Nuclear Engineering Division of 
A.LCh.E. is sponsoring this symposium 
which promises to have many interesting 
applications in non-nuclear field. 
Primary reason for the choice of this 
subject at this time is the need for em- 
phasis on the applicability of the unit 
operations approach to the solution of 
a large area of problems concerning 
economic nuclear power generation, fuel 


the 


preparation and processing, 

Nuclear needs, both military and 
peaceful applications, have provided a 
fertile ground for the inspiration of 
major research into heat transfer and 
fluid flow, both reported on in selected 
papers in the two symposia on nuclear 


PITTSBURGH MEETING PROGRAM (Continued) 


Nitric Acid Recovery by Evaporation and 
Fractional Distillation, 0D. Arnold, A. Whit- 
man & F. J. Podclipec, National Lead Co. of 
Ohio, Fernald, O. 


Performance data developed from a plant 
scale system for recovery of nitric acid from 
extraction raffinetes. 


SCIENTIFIC AIDS TO MANAGEMENT—CHEM- 
ICAL ENGINEERING OPERATIONS RESEARCH, 
J, R. Bowman, presiding. 


Production Planning—A case Study of Meth- 
ods, H. A. Hashbarger & N. |. Semple, Mon- 
santo, St. Louis, Mo. 

A general discussion of the problem of 
control of production of 500 chemical products 
in over 1,000 grades at 13 locations, and the 
changes a study of the operation brought to 
the planning function. 


Case Studies in Operations Research, A. F. 
Shorkey & J. Rio, Dow, Freeport, Texas. 

Four applications of O.R. 1) A use of the 
Monte Carlo technique in the study of failures 
in cast iron batch reaction vessels. 2) Decision 
theory and the explicit consideration of prob- 
abilities in a problem of new equipment vs. 
modification in the face of new demand. 3) 
Reduction of finished product inventories. 
4) Reduction of analyses on routine product 
shipments. 


A Scheduling Problem in Manufacturing 
Plant, 6. Marshall, Jr., Mellon Institute, 
Pittaburgh, Pa 

An operational solution to the problem of 
minimization of substantial change-over costs. 
The solution method has wide application. 


Operestions Research in Process Engineering, 
A. R. Klingel, Jr. & C. b. Corvett, Standard Oil 
(Ohio), Cleveland, O. 

Operations planning and forecasting, safety 
performance, maintenance, and a variety of 
process engineering problems studied from a 
viewpoint of O.R. methodology. 


Optimizing « Catalytic Cracking Operation by 
the Method of Steepest Ascents and Linear 
tee R. W. Scharge, Esso Standard, 
Linden, N. J 
Use of a mathematical model, containing all 
the available knowledge of the situation, in 
studying the effect of changing operating 
conditions. 


GENERAL PAPERS, A. Foust, presiding. (Simul- 
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engineering. The nuclear field has mo- 
tivated unprecedented advancements in 
solvent extraction techniques, and much 
work has been stimulated on distillation, 
ion exchange, and other separations 
operations reported on (again as se- 
lected examples) in the symposia. 

The chemical engineer attending these 
sessions will be schooled in the design 
and use of countercurrent ion exchange; 
the concatenated pulse column; means 
for transmitting pulses to pulse columns ; 
and a number of other techniques useful 
in accomplishing improved separations 
or separation of materials exceedingly 
difficult to remove from each other. 

While these symposia are 
largely the result of work done in con- 
junction with atomic energy projects, 
they also represent important advances 
in the technology of chemical engineer- 
ing. As such, they are in most cases 
translatable into non-nuclear applica- 


paper som 


tions. In addition, the rapid advance- 
ment seen in the commercial production 
of “rarer” metals—based on develop- 
ments included in symposia—is 
opening up a new industrial field which 
shows no signs of tapering off insofar as 
news of new projects is concerned. 


these 


Mixing 


A strictly blue ribbon program on 
this subject of perennial interest to 
chemical engineers is assured for the 
Pittsburgh meeting. Papers will cover 
both liquid and dry solids systems, as 
well as the extension of information 
concerning the relationship between 
mixing and other co-existent unit opera- 
tions, such as mass transfer, is con- 
cerned. 

Scale-up of any system involving fluid 
motion may be aided greatly by funda- 
mentals arising from studies to be re 


taneous with second Operations Research 


symposium.) 

Heats of Mixing of Liquids, H. W. Schnaible, 
H. C. Van Ness & J. M. Smith, Purdue U., 
Lafayette, Ind. 

A two-constant equation, which correlates 
the data within experimental accuracy, is de- 
veloped for heats of mixing for non-polar 
binary systems. 


A full program of coffee hours, luncheons, 
tours and a fashion show have been 
planned 


FOR THE LADIES 


Sunday, September 9 

2:30 PM—Welcome Tea. 

8:00 PM-—Get Acquainted Party. 
Monday, September 10 

9:30 AM-—Coffee time. 

12:00 Noon— Luncheon. 

1:00 PM—Tour of Pittsburgh. 
Tuesday, September 11 

9:30 AM--Coffee time. 

11:00 AM—Ockmont Country Club 
luncheon, tour of Pittsburgh Plate 
Glass Works. 

7:00 PM Banquet. 

Wednesday, September 12 

9:30 AM Coffee time. 

Tour—Alcoa Building, 
fashion show. 


Tickets for the Ladies’ events may be ob- 
tained at the Registration Desk, Fort 
Duquesne Room, Wm. Penn Hotel. Ladies’ 
Headquarters: Parlors E and F, 17th floor, 
Wm. Penn Hotel, 


luncheon and 


Scale-Up of Packed Pilot Gas Absorption 
Towers, M. Leva, Pittsburgh, Pa. 

Experimental data for the system CO,.— 
NaOH, using towers of 4, 6 and B-inch di- 
ameters, leading to generalizations regarding 
the effect of column diameter, ratio of column 
diameter to packed height, and type of pack- 
ing. 

Nitrogen Oxides—A to Chemical 
Engineers, W. L. Faith, Air Pollution Founde- 
tion, Los Angeles, Cal. 


Photochemically induced reaction between 
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organic compounds and NO, in atmosphere is 
most logical explanation of smog, development 
of suitable control means is challenge to 
chemical engineer. 


Ignition of Solid Propellants by Forced Con- 
vection, S. W. Churchill, R. W. Krugger & J. C. 
Brier, Univ. of Michigan, Ann Arbor. 

Experimental data for the ignition of single 
grains of solid propellant in a stream of gas 
at high temperature. An equation representing 
the data is developed. 


The Drying of Sand on « Hot Surface, R. W. 
Ludt, Michigan State, E. Lansing, Mich. 

Drying rates, moisture distribution, tempera- 
ture distribution and suction potential are 
correlated to determine the mechanism by 
which sand is dried on # hot surface in still 
air. 


TUESDAY, SEPTEMBER 11 


UNIT OPERATIONS IN NUCLEAR ENGINEER- 
ING, D. S. Arnold, presiding. 


Pulse Transmission to « Pulse Column, C. Groot 
& V. R. Cooper, General Electric, Richland, 
Wash. 

An expression is formulated for the mini 
mum pressure developed by the momentum 
of the transmission line fluid. An example 
shows the relation between calculated and 
measured pressure. 


The Concatenated Pulse Column, A. C. Jealous 
& Ephraim Liebermann, Union Carbide Nuclear, 
Oak Ridge, Tenn. 

A concatenated pulse column consists of 
several short pulsecolumn sections intercon- 
nected by transfer tubes, pulsed in the same 
wey as a standard pulse column. The signifi- 
cant features of a concatenated column are 


described. 


Covuntercurrent lon-Exchange, 1. A. Arehart, 
J. C. Bresee, C. W. Hancher & S. H. Jury, 
Union Carbide Nuclear, Oak Ridge. 

Operational features and test results from 
@ semi-continuous ion exchange contactor re- 
cently used to investigate the recovery of 
uranium from low-grade Western ores. A 
general discussion of the whole subject is 
given. 


Roasting Techniques for the Removal of Fluor- 
ides from Ammonium Divranate, E. R. Johnson, 
E. O. Rutenkroger, H. M. Beers & A. B. Kreuz- 
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ported on mass transfer effects in sys- 
tems in which gas sorption and desorp- 
tion is correlated with mechanical var- 
iables. 

For the practical designer, reports on 
studies of geometry versus performance 
factors will include systems as large as 
70,000 gallons capacity in which the use 
of strata of hot and cold liquids has per- 
mitted the employment of a thermometer 
as an excellent gauge of mixing progress. 

Comparison between systems having a 
presence or absence of air-liquid inter- 
face will show results interesting to the 
designer. In another approach, boiling 
liquid has been studied. Bubbles cause 
mixing, and the Pittsburgh symposium 
will hear the first evaluation of the 
mixing effect so obtained. 

One of the outstandingly practical 
papers long awaited by many will be one 
comparing the performance of various 
commercial types of dry-solids mixing 


equipment. Another paper will discuss 
the performance of a helical flight mixer. 
Significant, in the light of increasing 
use of statistical techniques by chemical 
engineers, will be a paper dealing with 
the use of this method in the determina- 
tion of satisfactory mixing. 


Explosions 


Techniques used to prevent explosions 
is an unusual field about which many 
chemical engineers will be able to ac 
quire usefu! information at Pittsburgh. 
Featured will be such subjects as the 
prevention of explosions in ducts, and 
techniques that could prevent destructive 
explosions of such dusts as starch, coal, 
or flour. 

On this highly interesting subject, 
Gurney of Monsanto will show how 
dusts from a phenol-formaldehyde resin 
grinding operation resulted in a destruc- 


FOR YOUR CALENDAR 
AL.Ch.E. National Meeting 


Pittsburgh, Pennsylvania 
September 9-12, 1956 
Hotel William Penn 


Registration: Fort Duquesne Room, 
floor 


First technical session: 9:30 A.M. Monday 

Last technical session: 3:50 P.M. Wed 
nesday 

Banquet: 7:00 P.M. Tuesday 


tive explosion, and what has been done 
to prevent a recurrence, Control, pre 
vention and detection of the hazards of 
industrial explosions will be covered in 
the other papers 

Bonus: a specially staged coal mine 
explosion for the engineers to observe 


(Continued on page 86) 


man, National Lead Co. of Ohio, Fernald, Ohio. 

Fluoride contamination in ammonium § di- 
uranate filter cakes can be removed by 
volatilization during calcination at above 
1,250° F. The presence of steam will increase 
removal efficiency. 


Uranium Refinery Waste Clarification, G. M. 
Reinhart & D. W. Glass, National Lead Co. of 
Ohio, Fernald, O 

A comparison is made between the effective- 
ness of magnesia and hydrated lime as a 
neutralizing and precipitating agent. 


EXPLOSIONS IN CHEMICAL ENGINEERING, 
G. H. Damon, presiding. (Simultaneous with 
symposium on Unit Operations in Nuclear 
Engineering.) 


Recent Research in Dust Explosions, |. 
mann, Bureau of Mines, Pittsburgh, Pa 
Four recent studies involving the effect of 
moisture and dust fineness, flame speeds in 
explosions propagating through ducts, venting 
of dust and control of incipient 
explosions, among many other factors. 


Industrial Explosion Hazards Detection, H. 
Lewis, Du Pont, Penns Grove, N. J 

Purpose, equipment and techniques 
applicable to an explosion hazards testing 
program in chemical manufacturing operations. 


Mist and Spray Explosions, J. H. Burgoyne, 
imperial College, London, England 

A study of flammable suspensions having 
drop diameters of 0.01 mm. or less, showing 
their behavior to be very close to that of a 
vapor form. 


Hart- 


explosions, 


scope, 


Limits for Mixtures of Aircraft 
Fuels, Oxygen and Inert Gases, P. B. Stewart 
& E. S. Starkman, Univ. of California, Berkeley, 
Calif. 

Data from these experiments show wider 
flammability limits than hitherto reported, also 
shows that the presence of liquid fuel also 
widens the over that wign the gas 
phase is present alone. 


The Determination of the Flammable Properties 
of Combustible Gases and Vapors at Elevated 
Temperatures and Pressures, &. E. Kennedy, 
G. S$. Scott, & M. G. Zabetakis, U. S. Bureay 
of Mines, Pittsburgh, Pa. 

Since the effects of temperature and pressure 
on the flammability characteristics of @ com- 
bustible cannot yet be determined from basic 


limits 
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principles, special apparatus has been designed 
to gather experimental data starting at 10,000 
Ibs./sq.in., and details of the tests are given 
here. 


GENERAL PAPERS, N. Amundson, presiding 


Vaportiquid Equilibrium of Nitrogen-Argon- 
Oxygen Mixtures, R. £. Latimer, Linde 
Products Co., Tonawanda, N. Y 

The vapordliquid equilibrium of the 3-gas 
low temperature system over the range of 
pressure from 0.2 to 20 atm. is described by 
the simple equation for regular solutions, by 
simple equations for vapor pressures, and for 
the ratio of fugacity coefficients. The graphs 
are based on published experimental data. 


Axial Mixing of Binary Gas Mixtures Flowing 
in a Random Bed of Spheres, K. W. Mchenry, 
Jr., & R. H. Withelm, Princeton Univ., Princeton, 
N. J 

This paper suggests that, based on a series 
of experiments, axial diffusivity may not, per 
haps, be neglected in contacting devices such 
as adsorbers and catalytic reactors 


High Velocity Spray Dryer, E. W. Comings & 
Cc. L. Coldren, Univ. of Illinois, Urbana 

A spray dryer of unique design and «4 greatly 
enhanced drying rete which should protect 
thermally sensitive substances from the effects 
of high temperature. 


Absorption and Stripping Fector Functions for 
Distillation Calculations by Manual and Digitel 
Computer Methods, W. C. Edmister, Calif. Re- 
search Corp., Richmond, Calif 

New functions of A and §$ factors are pre 
sented for computing multi-component separa 
tions in fractionators, reboiled sbsorbers, 
refluxed strippers, and columns with side 
streams 


Diffusion in Three Component Gas Mixtures 
(Parts 1 and 2), H. L. Toor, Carnegie Tech, 
Pittsburgh, Pa. 

A generalized driving force which describes 
diffusion barrier, osmotic diffusion, and re 
verse diffusion, is introduced, and approximate 
equations developed which give the individual 
rates of diffusion directly. 


WEDNESDAY, SEPTEMBER 12 


DISTILLATION COMPUTATION METHODS, Ww 
C. Edmister, presiding. 
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Procedure for Calculating 
Plates Required for Non-ideal Ternary Continu- 
ous Distillation, A. Rose, T. J. Williems and 
H. C. Carlson, Penn State, University Park, Pa. 

The use of moderstesize computer in 
carrying out the multiplicity of numerical cal- 
culations required for a complex ternary dis 
tillation design 


A Practical Computer Approach to Distillation 
Column Design Calculations, J. A. Beutler, Du 
Pont, Wilmington, Del 

A practical technique for programming and 
operating @ card-programmed compvter where- 


Aut sic 


the engineer conducts part of the operation 
himself using standardized decks of cards and 
wired boards for carrying out the plate-to-plate 
calculations 


Fractionator Design with Automatic C 
Equipment, Part 1—Product Mesh Methed, & 
L. Mcintire, Phillips Petroleum, Bartlesville, 
Okla 

How a card-programmed computer has been 
vlations for 
In this 


used to carry out platetoplete cak 
multicomponent hydrocarbon systerns 


cate the resulting products trom «4 given 


column and conditions are tound 


Part 2—feed Mesh Methed, © 
R. L. Melntire, Phillips, Bartlesville 
In this case, the objective of the calculations 


Shelton & 


is the column design to give desired products 


An Integrated System for the Automatic Solv- 
tien of Distillation Problems, J. 5. Bonner, 
Humble Oj 

Distillation that 
carried out on drumprogrammed computer. 


MIXING, J. H. Rushton, presiding 
ous with symposium on Distillation Compute 
tion Methods.) 


Blending with Side Entering Mixers: Low Vie 
cosity Fluids, J. Y. Oldshue, H. E. Hirschland, 
& A T Mixing Equipment Co., 
Rochester, N. Y 

Experimental results of studies of the blend 
ing of fluids, with the problem of 
stratification, and the effects of several mixing 


Baytown, Tex 


calculation work has been 


simultane. 


Gretton, 


miscible 


variables 


The Dynamics of Liquid Agitation in the Ab- 
sence of an Airtiquid Interface, 0. 5. Laity & 
Treybal, New York U., New York 

The dynamics of agitating single end two- 


(Continued on page 87) 
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in Woven Wire Screens 


Yes, you con stop needless waste in YOUR 
plant when you specity CLEVELAND Wire 
Screens for your next installation. 


Available in all corrosion-resistant metals ond 
alloys, such as: 


Staointess Steel 
Monel 
Nickel 
Silver 


Copper Alloys 


CLEVELAND 


CLEVELAND Wire Screens are desiqned for 
longer life and better service. 


Woven to individual specifications for every 
purpose in any size or dimension, such as 
Vibrating Screen Sections, Filter Elements, 
Strainer Elements, Centrifuges. 


WE CUSTOM BUILD 


Filter Segments and Strainer Elements to your 
individual needs. . . in all commercial metals 
and oiloys. 


fasy to erder—send us your requirements! 
STRAINERS AND FILTERS 


CUSTOM -BUKT 

built aad odup- 
ted to individual needs 
Available in etl commer. 
col metals end alloys 


Write for Bulletin 
6,7, and 8 


-CLEVELAN 
WIRE CLOTH & MPG. Co. 
9577 78th CLEVELAND 5, OHIO 


Page 86 


PITTSBURGH MEETING 
(Continued from page 85) 


Distillation Computation Methods 


Chemical engineers have long needed 
| an easy way to solve complex distillation 
|problems. Algebraic and 
shortcuts have frequently been proposed, 
but they are of limited applicability, and 
when exact calculation results are re- 
quired, the engineer is forced to make 
plate-to-plate calculations. This takes 
so much time that it is seldom done, and 
design data is often cbtained by building 
and operating a pilot column, or the 
unit is overdesigned to compensate for 
uncertainties. 

A rapid and rigorous machine calcula- 
tion method for distillation would be a 
great aid to designers. In this sympo- 
sium the latest work in this area is 
| presented: work with analog and digital 
computers, wire and card programmed 
computers, stored program computers, 
and the currently considerable work on 
chemical engineering aspects of high 
speed stored program digital computers. 

Applications of computer methods to 
the handling of such chemical engineer- 
ing problems as the vapor-fluid K values, 
the enthalpies, and methods of meshing 
plate calculations to give column and 
terminal product results, will be pre- 
sented. 


graphical 


General Papers 


Always containing some of the high- 
lights of any technical program, the 
general paper sessions have particular 
interest at the Pittsburgh meeting. A 
unique high velocity spray dryer that 
offers major potential for drying ther- 
mally sensitive substances through both 
a high drying rate and the controlled 
path of individual particles will be dis- 
cussed, Why some liquid air plants 
have achieved separations that are im- 
possible according to published data, is 
explained in a paper on vapor-liquid 
equilibrium of nitrogen-argon-oxygen 
mixtures in which the results of a care- 
ful thermodynamic study, over a period 
of years, of tall, large air rectifying 
columns, operating near minimum reflex 
ratios, have produced more accurate 
data. The role of nitrogen oxides in 
L. A. smog, and what the chemical 
engineer can do to solve this problem 
through controlling their emission, will 
be discussed. A paper on ignition of 
solid propellants by forced convection 
will unfold more of chemical engineer- 
ing in the jet age. 

These, and many more important 
papers in the symposia and the general 
sessions should add up to one of the 
best and most useful technical programs 
in many meetings. 
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In a whirl about motors? Then turn 
to Chemical Engineering Catalog and 


quickly find the answers you need 
from the product data furnished by 
21 manufacturers. You'll find there 
more motor data than in any other 
similar volume... OC motors... 
synchronous motors... sizes to 4,000 
HP and pressures to 35,000 psi... 
explosion-proof motors .. . gear 
motors . .. splash-proof motors... . 
squirrel-cage induction motors. Yes, 
all this and much more in the pages of 


No matter what facts you may need, 
CEC is placed in process plants to 
help you find answers to process 
problems fast. Completely indexed 
six ways, CEC is your exclusive source 


of up-to-date facts about equipment, 
materials of construction, engineer- 
ing services. Almost 100 pages of in- 
dexed material connects you with the 
products and services of America’s 
leading manufacturers who place 
their data in this big 2000-page vol- 
ume. CEC is bound to serve you best 
... $0 use it often! 


Publishing Corporatio 
430 Park Avenue 


| New York 22, New Y 
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ss | Barco Steam Jacketed 
Flexible Ball Joints 


phase liquid mixtures in the absence of the 
interface are compared with those of similar 
systems with an interface. 


Interfacial Area in Dispersions 
Related to Fluid Motion in Mixing Vessels, W. 
A. Rodger, V. G. Trice, Jr., and J. H. Rushton, 
Argonne National Labs., Lamont, Ill, and Pur- 
due Univ., Lafayette, ind. 

A study of the interfacial area produced in 
liquidtiquid systems in baffled cylindrical 
mixing vessels by the action of turbine type 
mixing impellers. 


Gas Desorption, Fluid Mixing Motion, and 
System Size, H. A. Lindahl & J. H. Rushton, 
Purdue Univ., Lafayette, Ind. 

Forced convection mass transfer coefficients 
for the desorption of carbon dioxide from 
water in three sizes of mixing vessels are 
related to the system size and to the fluid 
mechanics parameters that define the dynamic 
conditions of the turbulent fluid motion. 


Effects of Bubbling and Stirring on Mass Trans- 
fe: Coefficients in Liquids, D. L. Johnson, H. 
Saite, J. Polejes, & O. A. Hougen, Univ. of 
Wisconsin, Madison, Wisc. 

Use of the hydrogenation of alphamethyl- 
styrene in a stirred reactor with a suspended 
pelladium-elumina catelyst to establish the 
effects of operating veriables and mechanical 
construction on mass transfer coefficients in 
liquids in stirred reactors. 


MIXING, H. F. Nolting, presiding. 


MaseTransfer in Continvousflow Mixing 
Vessel, D. W. Humphrey & H. C. Van Ness, 
Purdue Univ., Lafayette, ind. 


MOLTEN SULFUR — These phote- 
graphs show unloeding of 
sulfur at Mississippi River dock of 


Mass transfer coefficients determined for the U N LO A D | N G LI N E 


dissolution of Na, crystals in water 


under conditions of turbulent agitation in « 

mixing vessel. A method is developed for Heate or 
calculating the surface area of salt particles 
suspended in the mixing vessel under steady- 


flow conditions. Free Flow 5 Flexible Boll Joints ore now offered in 


COMPLETE LINE — Barco Steam Jocketed 


The Behavior of Suspended Particles in « 2°, 3°, 4° and 6” sizes. 
Turbulent Fluid, S. K. Friedlander, Columbia U., OT steam is the secret of handling 
Now York. sulfur as a liquid at barge loading 


Starting with forced balance on the pear- 
ticles, and assuming the applicability of Stoke's and unloading docks. Barco’s new Steam 


law, expressions are derived for the mean Jacketed Flexible Ball Joints are an inte- 
squere perticle displacement. An illustretive gral part of the splendidly engineered in- FLEXIBILITY — The bell provides more 
Go stallation shown above. A traveling crane thon 30° total angulor movement in ony 
of suspended particles is given. . 

raises and lowers pipe made flexible with direction. 


Mixing Patterns in « Helical Flight Mixer, J. A. . 
A. Greathead & W. H. C. Simmonds, Canadien Barco Joints. This arrangement accomM0- —yepgarug_for hendling sulfur, espholt, 
industries, Lid., Montreal, Can., and Lobitos dates river Stages varying up to 40 feet. ond other heavy materials. Heat speeds 


Cilfields, Lid., Chesire, Eng This permanent, maintenance-free, labor- cuts loading time. 
and possible analogies with jiggling for this tenance encountered with hose. of 2158 on 
Flexible Ball Joints for Piping.” 
type of mixer. For recommendations on how co use Barco ~ 


Performance of Dry-Solids Mixing Equipment, Flexible Ball Joints in loading lines handling 
J. B. Gray, Du Pont, Wilmington, Del. oil, chemicals, gasoline, alcohol and other 


Quantitative mixing-performance data are 
presented for some types of equipment com- fluids, ask for a Barco engineering field 


monly used for mixing dry particulate solids. representative—located in principal cities, 
Lerge differences were found in the rates of 


mixing produced by various types of mixing 
BARCO 


Statistical Determination of Satisfactory Mixing, 
S. S. Weidenbaum, Corning Glass Works, Corn- 
ing, N. Y. Aj 
Several statistical tests of significance ere 
iven to determine whether @ satisfactory mix- 
pate is produced under typical operating 560H Hough Street . Barrington, Mlinois 
In Canada; The Holden Co., Lid., Montreal 


conditions 


TO MEET YOUR NEEDS — Straight and 
angle; screwed and flanged styles. Steel 
casing. 
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FOR STRONG 
CORROSION 
RESISTANT 

PIPING 


Specify these injection-molded 
PVC fittings and flanges 


Tube Turns Plastics, Inc. offers unplasticized PVC fittings made 
by the exclusive Hendry process. These injection molded tu- 
tings are superior to those made by conventional methods — 
minimum tensile strength of High Impact is 6000 psi, of 
Normal Impact, 7000 psi. Injection molding provides highest 
density, complete homogeneity. Tube Turns Plastics’ ficcings 
are non-toxic and completely inert. Resist both internal and 
external corrosion and will handle most chemicals up to 165°F. 
Investigate PVC for piping your corrosive materials. For 
booklet write Tube Turns Plastics, Inc., Dept. PB-7, 2929 
Magazine Street, Louisville, 11, Kentucky. 


§ B® TUBE TURNS PLASTICS, INC. 


Lovisville 11, Kentucky 


Call your TUBE TURNS PLASTICS’ Distributor 


Binks spray nozzles 


for washing, cooling, processing, 
humidifying, dehydrating, and 
hundreds of other applications. 


You'll get the right nozzles quicker by call- 
ing Binks...manufacturers of one of the 
most complete selections ever produced. 

There is a size and spray pattern for 
every purpose...with nozzles cast or ma- 
chined from standard or special corrosion- 
resistant metals and materials. 


MAIL COUPON 
NOW! 


Binks 
3114.32 Carrell Ave., Chicege 12, i. 
O. K. Binks, send me your comprehen- 
sive Sprey Nezsie Ceteleg without 
obligation 


NAME___ 
COMPANY __ 


ZONE 


STATE 
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| extreme. 


| Mumenities Vitel 


ENGINEERS MIGRATE FROM 
FACULTIES TO INDUSTRY 


DO ENGINEERS NEED 
HUMANITIES COURSES? 


Meeting at Ames, lowa, June 25- 
29, of American Society for En- 
gineering Education heard and 
discussed two major reports of 
extreme importance to the fu- 
ture of the profession. 


Features of the week-long meeting of 
ASEE at Ames, lowa, were the reports 
of two vital studies conducted over the 


| past few years by special committees of 


ASEE. 

An intensive three-year study of the 
role of the humanities and social sciences 
in the education of the engineer, most 
comprehensive survey ever made by 
ASEE, concluded, in brief, that the hu- 
manities and social sciences are vital to 
the education of the engineer and must 
not be neglected. 

The second study, A Survey on the 
Migration of Engineering Faculty Be- 
tween Campus and Industry, indicated 
clearly that at present engineering 
schools are losing qualified teachers to 
industry at a time when enrollments are 
steadily increasing. The problem, in the 
view of the report, in the 


is serious 


Science and technology tend to de- 
mand a rigorous specialization if the 
student is to master his subject and ful- 
fill society’s need. At the same time the 
engineer's position will almost certainly 
involve great social responsibility. 

Made possible through a grant from 
the Carnegie Corporation of New York, 
the ASEE study was conducted by dis- 
tinguished educators and industrial rep- 
resentatives headed by E. S. Burdell, 
president of the Cooper Union, G. A. 
Gullette, North Carolina State, and M. 
M. Boring, president of ASEE. 

Result: the humanities and social 
sciences are, in a deeply serious sense, 
practical and useful. 

The committee report suggests, “To 
meet his growing responsibilities and to 
realize his capacities as a human being, 
the engineer needs both professional 
competence and a broad understanding 
of himself and of the world in which he 
lives.” 

Result of the survey confirmed ASEE 
in its opinion that engineering students 
should spend at least one-fifth of their 
time studying the humanities and social 
sciences. Evidence in the survey “indi- 
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E. P. Stevenson, Arthur D. Little, tells dinner 
meeting at Ames that if our progress is to be 
maintained, we must develop more of the “new 
breed” of engineer who can work closely with 
scientists, ond is capable of making creative 
contributions on the frontiers of science. Mathe- 
matics, the common language of scientist and 
engineer, is the tool on which the “‘scientist- 
engineer” must rely most heavily. Stevenson 
pointed to the engineer's growing concern 
scientific areas where no fund tal 

ing data are available and where he must 
develop his own. 


cates that a majority of schools do not 
measure up to this standard ; the national 


average is something less than 17%.” 
These studies in the humanities and 
social sciences must be as serious and 
basic as the science and engineering | ©¢ might as well have been cash 
courses. Special “humanities for engi- —1f 1 know the “super” 
neers” courses, such as “engineering 
history” or “engineering English $ : My boss likes to dramatize things. He — his last argument 
es s with the superintendent by hitting him where it hurts most 
superficial survey courses, or those in his budget 
veneer designed to make the — boss is mixing foreman. We're blending a small amount of vitamin, 
i supplement with bulk feed. That's it—the boss claims we're 
what is required. The “finishing school wasting most of it through improper mixing. The “Super”’ 
concept of the humanities has no place wouldn’t approve his request for a Simpson Mix-Muller— until 
in modern education. Humanities yesterday, anyway. Seems the boss attended our meeting 
courses the engineers take should deal | armed with a bucketful of Vitamin A supplement . . . about 
with “subjects which, like science itself, $38.50 worth (“‘Super” claims it’s gold). At the proper time, he told 
are basic aspects of human activity in the assembled “‘brass’’ that the bucket contained enough vitamin 
which depth of understanding provides supplement to help fatten a whole herd of cattle— but for all 
the oniy sound foundation for the | the good it’s doing us—and at the rate we're using it, he may 
student's further growth.” as well heave it out the window . . . and he did, bucket and all. 
The survey took special note of one | Guess it got their attention for his arguments on how 


the Mix-Muller is the only mixer specifically designed to give a 
thorough blend of dissimilar and disproportionate materials. 


vital problem concerning the humanities 
at engineering schools. This is the often 


open conflict between the arts and engi- | Anyway we ordered the mixer today—and a new bucket. 
neering faculties. “The attitudes of the | 

engineering faculty communicate them- if you mix dry oF semi-solid materials we'd like to 

selves to engineering students. At insti- show you why and how Simpson Mulling con do a 


better, faster and truly more thorough blending 
job. Write for our handbook,“ Mulling in the Chem- 


tutions where the faculty exhibited the 


greatest belligerence about their col- 
leagues in the arts, we invariably found 
the greatest student complaint al the 

greate student complain Out the ont 


work in humanities and social science.” 


Lo«s Instead of Gain 


The two-year survey of teacher migr: 
| NATIONAL ENGINEERING CO. 
tion, headed by A. R. Hellwarth, Detroit | hs 
ed th: fe OS» Machinery Hall Building 
Auson, reported that in the last two Chicago 6, Iilinois Shae 


years 750 engineering teachers left col 
leges for industry while 500 left indus- 


(Continued on page 90) 
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SIMPSON M/X-MULLER’ DIVISION 
| 


Completely sealed! Liquid cooled! Im- 
pervious to corrosive atmospheres! No 


costly “distant” installations . 


no bolt- 


ing or alignment to bother with. Sel-Rex 
gives you more kilowatts of mainte- 
nance-free power per dollar invested. 
Single units 25 to 50,000 amperes — 
“custom engineered” to your specific 
requirements — all types of fully 
automatic and remote controls. 


BART-MESSING CORPORATIO 


Sel-Rex Rectifier Division — 229 Main Street * Belleville 9, N. J. 


Write Dept. CEP-7 


Distributor Inquiries Invited 


NEW LIPPINCOTT-McLEOD GAUGE 

In addition to the unique mercury self 
leveling device which allows Autematic Zero- 
ing (U, 8, Pat. No, 2,608,006), the new 
Lippineott-MeLeod Gauge has Automatic 
Btops which assure precise alignment and re 
production of the reading and evacuating posi- 
tions. Vacuum readings are made instantly. 

Other features include a builtin trap, 
precision capillaries, interchangeable scales, 
east aluminum base and integral mounting 
eprin Ranges: Size A, G1 mm; B. 0-5 
mm; ©, 0-10 mm; D, 0-15 mm Ee. $37.50 


NEW BENNERT TYPE MANOMETER 

The wide range, low price and ruggedness 
of the new Kontes Bennert Manometer make 
it an idea! gauge for routine vecuum mea- 
surements ineluding vacuum distillation and 
drying operations. A moveable scale actuated 
by a rack and pinion assembly enables pre 
“O" adjustment 

Range, 240 mm., subdivisions, 1 mm. The 
aluminum base is finished in modern blue 
gray hammertone and provided with « carry- 
ing handle. Complete as described, with 
mercury Ee. $27.50 


Write for free Bulletin No. VE-# which desortbee Veswum Gauges, Diffusion Pumps and other 


alae 


KONTES GLASS COMPANY «© Vineland, N.J. 
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ENGINEER MIGRATION 
(Continued from page 89) 


try for the campus—a net loss to engi- 
neering faculties of some 3%. This may 
not appear too drastic, but it must be 
emphasized that engineering faculties 
actually needed 1,300 new teachers to 
handle the 1956-57 load, and the future 
looks little better. In essence, then, the 
teacher deficit is some 18%—a high fig- 
ure. Further, these figures show only 
quantity. They do not show the fact 
that 118 of the men who went to indus- 
try were full and associate professors, 
one a department head, and the replacing 
of a departmental head is a large task. 

Main reason: higher salaries in indus- 
try. However, greater opportunity and 
new experience were two other reasons 
noted, together with less work load and 
more chance to do research. 

R. N. Dyer, Humble Oil, in discussing 
the report, agreed that salaries, not only 
beginning ones but the ultimate financial 
reward, are higher in industry, but also 
pointed to the lag of fringe benefits in 
the colleges. Dyer was also concerned 
about the college practice of basing 
raises on degrees held and seniority, 
suggesting a “cost of living” system as 
better all around. 

Hellwarth reports that one dean 
summed up the situation with great sim- 
plicity: a) the offers graduates are now 
receiving from industry have coaxed 
away the bulk of the potential teachers ; 
b) teaching staffs must be expanded in 
the next five years; c) practically all 
men must come from industry, since that 
is where they have gone. 


Recommendations 
The report came up with five recom- 
mendations to remedy the situation: 


1) Compensation for graduate assist- 
ants. 

2) Collective study of the problem 
(with industry, presumably) that will 
lead to collective action and to the 
elimination of competitive bidding. 

3) Establishment of “chairs” and in- 
dustrial subsidy (without strings) for 
key professors. (The ethical implica- 
tions here must be explored carefully.) 

4) Support of research on campus that 
would provide extra compensation for 
teachers. 

5) Industrial consulting, summer jobs, 
one-day-a-week -mployment and other 
services that will provide financial in- 
centive to keep good teachers on campus. 

The survey committee is well aware, 
however, that a lot must be done be- 
yond this to solve an admittedly difficult 
and dangerous situation. 
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| GERMANIUM RECTIFIERS 
top efficiency ...up to 96% ... | 
| , ' for the life of the unit! | 
unaffected by corrosive atmospheres — | 
He con be installed alongside work 4 
| 
KONTES OFFERS i 
Your Best Gauge of Luality 


PUMP 
Liquids + Gases + Slurries 


WITHOUT 
CORROSION OR 


CONTAMINATION | 


Wavelike 
* Motion of 


Steel Fingers 


Forces Material 
Through Tubing 


Prices range from 
depending on size of end 


$55 to 
$500 


Write for Catolog 


SIGMAMOTOR Inc. 


20 North M Middieport, N.Y 


STEAM JET 


EJECTORS 


CONDENSERS 


VACUUM 
EQUIPMENT 


THE JET-VAC cone. 
Jz POND STREET 


ALTHAM, MASS. 
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preparation 
| medium, provision of adequate aeration 
| and agitation, 


FERMENTATION— 
MAJOR CHEMICAL TOOL 


Analysis of fermentation as a) 


chemical process tool of unique 
and positive valve 
spring meeting of the Associa- 
tion of Consulting Chemists and 
Chemical Engineers in New York. 


The primary factors in any fermenta 
tion process are: microorganism, sub 


strate, and environment—and their com 


plex inter-relations. Stressing these 
factors, A. J. Schmitz, head of Biolog 
ical Process Development at Chas. 


Pfizer & Co. and main speaker at the 
meeting, went on to outline the prob- 
lems and practices in modern fermenta- 
tio installations. 


Today, a great deal of attention is 
being given to the proper design of 
fermentation equipment and necessary 
accessories. The essential tasks are: 
and sterilization of the 
and control of the key 
process variables. Each of 
handled far more reliably today due to 
the basic studies of the last decade 

In discussing the economics of fer- 
mentation process design, Schmitz ana- 
lyzed the good and bad points of con 
tinuous operation. 
the three main drawbacks to continuous 
operation are said to be: contamination, 


featured | 


these is | 


He pointed out that | 


organism degeneration, and modification | 


of the effective productivity. 
two of these, however, are not neces- 
sarily as critical as opponents of con- 
tinuous operation tend to insist. 

In the open discussion period follow- 
ing Schmitz’s talk, moderator D. R. 
Schwarz, vice president of Schwarz 
Laboratories, pointed to the growing 
applications of fermentation technology 
today, and Schmitz answered the peren- 
nial question of when should biosyn- 
thesis (fermentation) be used and when 
is direct chemical 
Schmitz suggested that fermentation is 
potentially useful when 
1) synthesize compounds with very large 
complex, or unusual structure, (2) pre- 
pare substances with a iarge number 
of asymmetric carbon atoms, (3) bring 


synthesis best? 


attempting to: 


| about slight structural changes in very 


complex molecules.—-E. L. Gaden, Jr 


A dramatic new program designed to 


The first | 


stimulate interest in science on the | 
part of high school students wil! begin 


this Fall when eight high school science 
teachers will begin a nation-wide tour 
under the auspices of the Oak Ridge 
Institute Nuclear Studies for the 
purpose of aiding high school science 
teachers throughout the nation. J 


of 


the Coastruction 


‘of Philadelphia 


AGITATORS 


Exclusive Low Head Room Design— 
maximum bearing span with mini- 
mum headroom * Helical Change 
Gear Set, within housing, allows for 
ready selection of up to 14 standard 
speeds * Heavy Duty Thrust Bearings 
permit use of standard units for con- 
ditions of high pressure in closed 
tanks * Large Heavy Duty Output 
Shafting results in less shaft deflec- 
tion at stuffing box or mechanical 
seal, steady operation of long over- 
hung agitator shofts * Heavy Duty 
inboard Bearing Support provides 
extra rigidity resulting in superior 
gear performance and life * Spiral 
Bevel Gears of Hardened Steel, ac- 
curately lapped for long and quiet 
operation * Field-proven Dry-Well 
Construction prevents oil leakage 
down output shaft * Labyrinth-type 
seal on input shaft allows effective 
sealing with minimum friction * 

. . Plus a complete Fluid Agitator 
Engineering Service, backed by 
over 62 years of experience. 


phillie gear 


PHILADELPHIA GEAR WORKS, (NC 
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Report of Special Task Committee Recommends... 


ENGINEERING SOCIETIES CENTER IN NEW YORK CITY 


he report of the Special Task Com- 

mittee to study and make recommen- 
dations concerning the location of the 
proposed Engineering Societies Center 
has been issued. The Committee, com- 
posed of three members of each of the 
four Founding Societies and of A.I. 
Ch.E. and chairmanned by Barnett F. 
Dodge, Past-President of A.LCh.E. 
(other A.L.Ch.E, members were R. P. 
Kite and T. N. Chilton), makes five 
recommendations as follows: 

1) The Engineering Societies Center 
be located in New York City. 

2) The present 39th-40th Street site 
of the Engineering Building be contin- 
ued in use as the site of the Center. 

3) The United Engineering Trustees, 
Inc., expand by the addition of A.I.Ch.E. 

4) U.E.T, be authorized to raise 
money, accept the fund raising offer of 
the Kelly Committee, take all necessary 


A special C.E.P. interview with Barnett 
F. Dodge, chairman of the Special Task 
Committee of the four Founder Societies 
and the A..Ch.E., and past-president, 
A.L.Ch.E., follows: 


Q. What particular advantages does the plan 
ovtlined in the Report offer A.1.Ch.£7 

A. Besides the advantage of retaining the loce- 
tion of the Institute in New York City, there 
will be membership with the other four major 
societies in United Engineering Trustees 
(U.E.T.), which would mean sharing the owner- 
ship and occupancy of an Engineering Center 
site and building. 


Q. Are there any disadvantages or problems 
as far as A.LCh.E. is concerned? 

A. The raising of $2 million estimated to be 
necessary for purchase of @ share in the own- 
ership of U.E.T. equivalent to that owned by 
the other societies constitutes a major problem. 
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INTERVIEW WITH THE CHAIRMAN 


action for the reconstruction of the 
present building and/or the construction 
of a new building or buildings, pay all 
costs out of capital fund assets, and 
operate and maintain the new Center. 

5) The potential growth of the five 
societies be considered in building plans, 
and effort made to find facilities in the 
Center for all of the engineering pro- 
fession. 

To come up with these recommenda- 
tions, the Task Committee studied all 
previous reports, employed a profes- 
sional management consulting firm, Mc- 
Kinsey & Co., to assist in the study, 
interviewed the secretariats of all five 
societies, interviewed informed engi- 
neers throughout the country, discussed 
the matter with other engineering so- 
cieties, and met with the various propo- 
nents of special plans from various cities. 


Cities examined were New York, Phila- 
delphia, Pittsburgh, Chicago, Washing- 
ton, Shreveport, St. Louis and Kansas 
City. All but the first four were elimi- 
nated early, and the four remaining 
studied carefully. 

Reporting on what the attributes of 
an Engineering Center should be, the 
Committee found, in essence, that it 
should: provide space and a prestige lo- 
cation for the entire staff of the five 
major societies; provide headquarters 
and meeting facilities for U.E.T., EJC, 
Engineer’s Council for Professional De- 
velopment, Engineering Manpower 
Commission, and the Boards of Joint 
Awards ; space for other engineering so- 
cieties if possible; and space for the 
Engineering Societies Library. Also 
called for was an allowance for growth 
and change in the engineering profession 
itself over the years. 


Q. Do you think this could be done and if 
so, how? 

A. 1 do think it possible. Something like a 
half, of $250 thousand, could probably be 
raised by an assessment of the members, 
amounting to the equivalent of about an extra 
year's dues. The other half might be borrowed 
as @ long term loan, to be retired gradually 
out of income. 


©. Could the Kelly Committee's offer to raise 
funds for a new Engineering Center be inter- 
preted as including the special appropriation 
by the A.1.Ch.E.? 

A. | think it would be embarrassing to ask 
the Kelly Committee to put themselves in a 
position where they would be soliciting funds 
which would be used in part to equalize the 
equity of one society (A./.Ch.E.) in the present 
real estate holdings of the other four. They 
might be willing to suggest, while asking for 
contributions for a new Engineering Center, 
that some donors might wish to earmark cer- 
tein portions of their contributions to be used 
in the A..Ch.E. fund. The chemical industry 
might in this way subscribe an important 
amount of our needs, maybe $250 thousand, 
or even the full amount. 


Q. Is there any precedent in this matter of 
« society “buying its way in?” 

A. Yes. A number of years ago the Civils 
bought their way into U.E.T. 


Q. Could other societies, joining the Engineer- 
ing Center later, “buy their way in?” 

A. | don’t recall that the Committee seriously 
considered this question. We felt that it was 
our task to act only for the five societies and 
whereas we did consider the possibility and 
desirability of including others in the Center 
later, we did not give any thought to the way 
in which this might be done. | think that 
most of us felt that only the five societies 
would be partners in UET and the others 
would come in only on @ rental basis. 
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Q. Could the A.1.Ch.E. go into the Engineer- 
ing Center on « similar “rental” basis? 

A it is the opinion of the A.I.Ch.E. repre- 
sentatives on this Committee (T. H. Chilton, 
Paul Kite and myself) that this would not be 
desirable, that entering on a basis of equality 
as & major engineering society would be the 
only role acceptable for the Institute. 


Q. Are you satisfied that New York is the 
optimum city for the Engineering Center? 

A. Yes. We considered all important possi- 
bilities, but found no decided advantages on 
the part of any city over and above New 
York City. 


Q. Did you consider various locations from 
the standpoint of nearness to the center of 
society membership population? 

A. We did, and concluded that being in « 
city most visited by members was the im- 
portant factor. New York met this qualifica- 
tion, | believe, ideally. 


Q. Was there any principal disadvantage to 
moving out of New York? 
A. Yes. The uprooting of personnel would, 
in my opinion, be a serious problem not offset 
by any distinct advantages. 


Q. Do you favor modernization of the present 
Engineering Building, plus some additional 


A. Yes, if an investigation by « competent 
architectural firm concludes that such is prac- 
tical. We were not empowered to have such 
@ study made, Our conclusions as to the site 
ere therefore only preliminary. | believe that 
this site has definite advantages and should 
be given first consideration. 


Q. What is the next step to be taken on the 
basis of the Report? 

A. The recommendations embodied in the Re- 
port will be taken up for consideration for 
approval by the Councils of the five societies. 
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construction os des ribed the Report? 


Artist's rough sketch showing how the proposed 
18-story structure mentioned in the Task Com- 
mittee Report might be constructed on the site 


adjoining the present Engineer's Club on West | 


40th Street, New York City. The new structure 
would connect with the present Engineering 
Building on West 39th Street 


Q. When do you expect the A..Ch.E. Council 
will take the matter under consideration? 


A. | expect Council will give this consideration 
at its September meeting at the very latest, 
or sooner if @ special meeting can be arranged. 


What specific action will the 
Council consider? 


A. Council will decide the conditions under 
which they will accept the recommendation 
of the Committee, and the means for raising 
the necessary money. 


Q. Do you care to express your hopes as to 
what Council will do? 


A. Yes. | hope the Councils of all the so- 
cieties will vote to go shead with the Com- 
mittee’s proposals, and determine the means 
to do so. 


Q. Anything else? 


A. | would like to emphasize that we have 
before us @ very important matter for con- 
sideration—one which may very well influence 
the development of the engineering profession 
over a period as long as the next 50 years. 
We should not be too precipitate in taking 
action but still we should act with boldness 
and vision, not just from the standpoint of 
A..Ch.E., but the engineering profession as a 
whole 


| should also like to take this opportunity 
to state that all the discussions of the Execu- 
tive Committee and the full Committee were 
conducted in an atmosphere of friendliness 
and cooperation and a sincere desire to arrive 
at a result that would be for the best interests 
of the societies. There was never any serious 
disagreement nor any wrangling over petty 
matters. it was @ great pleasure and «@ privi- 
lege to act as chairman for such a fine group 
The harmonious spirit that prevailed through- 
out our discussion augurs well for the future 
cf the professions 
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Pioneered by Armstrong 
HIGH FLEXIBILITY EXPANSION JOINTS 


for Shell and Fixed Tube Heat Exchangers 
ASME Approved and Stamped 


Stainless steel gas to gas heat exchanger, maximum 
temperature over 1000 deg. F. All stainless steel, type 
321. Note high flexibility joint which has total flexure 
of 4". Size of unit—18" x 12’. 


High pressure (600 psi. design) Bleeder Type Feed 
Water Heater with shell expansion joint having a total 
flexure of 2”. Shell has steam at 150 psi. ga. 


NOW it is possible to give an exchanger all the flexi- 


bility needed, even to plus or minus 3” of lateral 
expansion. 


RETAINS ALL the advantages of Fixed Tube Heat Ex- 
changers, no slip joints or gaskets on the shell side; no 
fire hazard from leaks; once tight, permanently tight. 
Easy to clean by removing either head; less mainte- 
nance and fewer parts to handle or damage. 


TAKE full advantage of Armstrong pioneering. Specialists 
in Heat Exchangers. 


Send for Detailed Bulletin 


Ox 188 


RICHARD M. ARMSTRONG CO. 
WEST CHESTER PENNA. 
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MIX LIQUIDS 
in any container 


You ean do hundreds of mixing 
Joba at low cost. You can get 
rapid, uniform mixing in no time 
at all with an Alsop Portable 


mixer, It's easy to clamp in 
place on any open vessel. You 
ean easily and quickly adjust it 
to the correct mixing angle— 
service many different operations 
in various places throughout 


your plant, 


Many models to choose from— 
sizes 1/20 to 7% H.P. in your 
choice of motors and materials 
of construction, Send for Alsop 
Mixcr Catalog today—use coupon 
below. 


Portable Mixer Mounting Assembly 
allows efforticss adjustment up and 
down and right or left to any angle 
for the mixing action your process 
might require. 


WRITE FOR MIXER CATALOGUE 


ALSop ENGINEERING 


CORPORATION 
1107 Gold Street, Milldale, Connecticut 
Please Send Me Your Coteleg of Alsop Mixers 
Nome 
Compony 
Address 


City 


\MAIL COUPON NOW! 
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FUTURE MEETINGS and 
Symposia of the Institute 


“Golden Triangle.” 
SYMPOSIA 


Air view of Pittsburgh's 


MEETINGS 
@ PITTSBURGH, PA. 
Sept. 9-12, 1956. Wm. Penn Hotel. 
See page 83 for story and complete meeting 
program, 
@ ANNUAL—BOSTON, MASS. 
Dec. 9-12, 1956. Hotel Statler. 
TECHNICAL PROGRAM CHAIRMAN: W. C. Rous 
seau, Badger Mfg. Co., 230 Bent St., Cam- 
bridge 41, Mass. 
Filtration 

CHAIRMAN: F. M. Tiller, U. of Houston, Cullen 
Boulevard, Houston 4, Tex. 
The flow of liquids through compressible media 
with experimental and theoretical pepers. 

Low Temperature Techniques 
CHAIRMAN: Clyde McKinley, Air Products Inc., 
Allentown, Pa. 
Papers dealing with gas prepurification for low- 
tempersture processing and the low tempera- 
ture aspects of heat exchange, refrigeration, 
distillation and liquid-vapor equilibria, and the 
properties of materials. 

The Sales Engineer in Chemical Engineering 
CHAIRMEN: W. E. Hesler, Rodney Hunt Ma- 
chine Co., 420 Lexington Ave., N. Y. C. 17, 
E. D. Kane, Cuno Eng. Corp., S. Vine St., Meri- 
den, Conn. 

Three Panels: “Introducing Mr. Chemical Sales 

Engineer,” “Training the Chemical Sales Engi- 

neer,” “Performance Yardstick of the Chemical 
Seles Engineer.” 

Laboratory Facilities for Nuclear 

Engineering Education 

CHAIRMAN: Joseph J. Martin, University of 

Mich, Dept. of Chem. & Metallurgical Eng., 
Ann Arbor, Mich. 

Presentation of costs and uses of nuclear equip- 

ment in various educational curricula. 

Chemical Engineering Aspects of 

the Paper Industry 

CHAIRMAN: L. C. Jenness, U. of Maine, Orono, 


Me. 

Afternoon at the Ichthyologists 
General Session: “Obsolescence” of Chemical 
Engineers. Sunday P.M.: Round table discussion. 

Deodline—-August 9, 1956 

@ WHITE SULPHUR SPRINGS, W. VA. 
March 3-4, 1957. Greenbrier Hotel. 
TECHNICAL PROGRAM CHAIRMAN: 5S. G. 


Friedman, £. |. duPont de Nemours & Co., 
Benger Lab., Waynesboro, Va. 

Computers in Chemical Company Control 
CHAIRMAN: W. M. Carlson, du Pont, Engineer- 
ing Service Div., Newark, Delaware. 

The use of large-scale computers in handling 
payrolls, billing and ordering, sales forecasting, 
production control, etc. 

Futures in the Chemical Industry 
CHAIRMAN: To be assigned. 


Chemical Engineering Progress 


PRECISION af | 


measurement 
and control 


GORDON 
XACILINE 


Controls tempera- 
ture automatically 
within a fraction of 
a degree in any heat proc- 
ess. A complete factory-assembled unit 
ready for installation anywhere. Can be 
used with any existing indicating or re- 

cording pyrometer controller 
—regardless of age. 


GORDON 
XACTEMP 


Hand Pyrometer 


A quality-built, conven- 
ient instrument for quick, 
accurate temperature read- 

ing in molten nonferrous 
metals. Also, other models 
of Xactemp for all-around 
temperature checking. 


GORDON 


SERVRITE 


Thermocouple Wire 
Thermocouple Extension Wire 


Insulated in Gordon's own plant 
to assure consistent quality. 

All standard wire and insulations 
carried in stock for quick delivery. 
Other wires, in long or short runs, 
manufactured to specifications. 


Full Particulars on Request 


CLAUD S. GORDON CO. 


Manutacturers Engineers Distributors 
Temperature Control Instruments « Thermocouples & 
Accessories Industria! Furneces & Ovens Metol- 

lurgical Testing Mochines 


631 West 30th Street, Chicage 16, Illinois 
2003 Hamilten Avenue, Cleveland 14, Obie 
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(Continued ) 
MEETINGS SYMPOSIA 


@ PHILADELPHIA, PA. 

March 10 through 16, 1957. 

EJC Second Nuclear Engineering and Science 
Congress & Exposition. The Nuclear Engineer- 
ing Division is sponsoring “The Fuel Cycle,” & 
will participate in other general sessions. 
Send general papers to Prof. H. Ohigren, Dept. 
Chem. Eng. & Met. Eng., U. of Mich., Ann 
Arbor, Mich. 

Expected to be confined to subjects directly 
applicable to the overall nuclear fuel cycle. 
Fuel cycles for power plants and possible 
plants utilizing high temperature heat are 
envisioned. 

@ SEATTLE, WASH. 

June 9-12, 1957. Olympic Hotel. 


@ SALTIMORE, MD. 
September 15-18, 1957. Lord Baltimore Hotel. 


@ ANNUAL—CHICAGO, ILL. 
December 8-11, 1957. Conrad Hilton Hotel. 
TECHNICAL PROGRAM CHAIRMAN; Henry F. 
Nolting, Standerd Oil Co., 2400 New York 
Ave., Whiting, Ind. Asst. Cheirman: A. L. 
Conn, Standard Oil Co., Box 431, Whiting, Ind. 
Fividizat! sn of Solids 
CHAIRMAN: E. R. Gilliland, Chem Eng. Dept., 
M.1.T., 77 Massachusetts Ave., Cambridge 39, 


Mass. 
Corrosion Resistant Alloy Materials 
of Construction 
CHAIRMAN: G. Fred Ours, Carbide and Carbon, 
Charleston, W. Va. 


UNSCHEDULED SYMPOSIA 
Correspondence on proposed papers is invited 
Laboratory and Pilot Plant Techniques 


CHAIRMAN: George W. Blum, Goodyear Tire 
& Rubber Co., Akron 16, Ohio. 
Centrifugation 


CHAIRMAN: James O. Maloney, Dept. of Chem. 
Eng., U. of Kansas, Lewrence, Kan. 


The theory and quantitative aspects of centri- 
fugation. 


Drying 
CHAIRMAN: Ralph E. Peck, Chem. Eng. Dept., 
Minois Institute, 33rd Federal, Chicago 16, Ill. 
Direct Operating Labor Costs 
CHAIRMAN: John Happel, Chem. Eng. Dept., 
New York U., University Heights 53, N. Y. 
Size Reduction 
CHAIRMAN: Edger L. Piret, Chem. Eng. Dept., 
U. of Minnesote, Minneepolis 14, Minn. 
Filtration & Centrifugation 
CHAIRMAN: Horace Hinds, Jr., Corn Products 
Refining Co., Box 345, Argo, Ill. 


CHAIRMAN: David M. Boyd, 315 Ridge Ave., 


Clarendon Hills, Ill. 
Ethylene Manufacture 
CHAIRMAN: Hermann C. Schutt, 201 Devon 
shire St., Boston 10, Mass. 
Dry Classification of Solids 
CHAIRMAN: D. W. Oskley, Metel & Thermit 
Corp., Carteret, N. J. 
Chemical Plant or Petroleum Process 
Plant Cost Estimates 
CHAIRMAN: C. W. Nofsinger, the C. W. Nof- 
singer Co., 906 Grand Ave., Kansas City 6, Mo. 
(Continued on page 97) 


Vol. 52, No. 7 


Slime Control... 


W&T SERIES 
CHLORINATOR 


4 
A 


: 


..»Chlorination of Cooling Water Circuits 


= 
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Heat transfer losses caused by slime forma- 
tion on condenser and heat exchanger water- 
side surfaces can be eliminated by chlorination 
of the cooling water. Water and air-borne 
organisms —the cause of slime formations — 
are effectively and economically controlled by 
Wallace and Tiernan chlorination systems. 
The Wallace and Tiernan Series A-664 Chiori- 
nator shown above is one of a complete line of 
W&T chlorination equipment, designed to 
give dependable chlorination at all feed 
ranges. It is used at large plants where cooling 
water chlorine requirements call for a durable 
high capacity unit. 


We Invite Your Inquiries 


Technical information on cooling water chlo- 
rination is available in our free booklet, 
RA-2061-C. Bulletins on chlorination of indus- 
trial process water and industrial waste treat- 
ment arealso available. Write us for your copy. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 8, NEW JERGEY 


= 
CIRC. 
Chemical Engineering Process Dynamics as 
They Affect Automatic Control 


made 


GLASS COMPANY 


VINELAND, J. 


STOCK 


a low-cost, low-volume pump 
for corrosive liquids! 


® 

The ECO All-Chem rotary pump offers: 
* Capacities 1—10 gpm; Pressures to 150 psi 
«Stainless steel housings (Type 316, Type 20 or 

Haatelloy C) 
* Teflon, Neoprene or Formica impellers 
* Positive displacement, high suction lift, self priming 
* Linear non-surging, non-foaming flow 
Available from stock, suitable for direct motor, V- 
belt or vari-epeed pulley drive, the Eco All-Chem 
handles organic, inorganic, hazardous and radioac- 
tive fluids with complete dependability. 


Bulletin AC56 on request. 


ENGINEERING COMPANY 
Ke beg name small 
12 NEW YORK AVENUE +» NEWARK 1, NEW JERSEY 
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CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is @ list of candidates for the designated grades of 
membership in A.l.Ch.E. recommended for election by the Committee 


on Admissions. 


These names ere listed in accordance with Article Ill, Section 8, 


of the Constitution of A.1.Ch.E. 


Objections to the election of any of these candidates from Members 
and Associate Members will receive careful consideration if received 
before August 15, 1956, at the office of the Secretary, A.I.Ch.E., 25 
West 45th Street, New York 36, N. Y. 


Member 
Anderson, Gordon A., Naugatuck, 


Conn. 
Becker, Colman Springfield, 
Mass. 
Blair, C. M., Port Levoca, Tex. 
Burley, Elliott L., Richland, Wash. 
Chapin, Donald, Midland, Mich. 
Coffman, Alfred M., Avon Loke, 
Ohio 
Donaldson, D. C., Freeport, Tex. 
Druce, 8. W., Channelview, Tex. 
Eckstrom, Hartley C., Tulsa, Okla. 
Egleson, G. C., Lake Jackson, Tex. 
Gillman, Joseph L., Jr., Washing- 
ton, D. C. 
Jemison, Robert E., Hopewell, Va. 
Jester, Marvin Allentown, Pa. 
Jones, Richard A., Eola, La. 
Klopp, Richard P., Haddonfield, 


Lewis, C. Gordon, Richland, Wash. 
long, James A., Jr., Baltimore, 
Md 


Lobban, Fred P., Bethesda, Md. 

Lovett, John F., Allison Park, Pa. 

Pearson, John, Ludlow, Mass. 

Potts, William F., Lewiston, N.Y. 

Rendahi, John W., South Charles- 
ton, W. Va. 

Richardson, A. D., Los Angeles, 
Calif. 

Ritter, R. Brown, Puente, Calif. 

Samdohl, Robert N., Riverside, 
Colif. 

Silletto, Robert H., Richland, Wash. 

Skaggs, William Lloyd, Houston, 
Tex. 

Terwilliger, Hal R., Roslyn, Pa. 


Associate Member 


Albrecht, George H., Manhasset, 
Li. N.Y. 

Allyn, Chorles L., Seattle, Wash. 

Ashby, 8. B., Baytown, Tex. 

Bickham, George Francis, Auburn, 
Ala. 

Blaser, Don E., Tulsa, Okla. 

Brown, Joseph M., Newark, Del. 

Byrd, John D., Bartlesville, Okla. 

Campbell, Earnest D., Big Spring, 
Tex. 

Cancelarich, John, Pine Bluff Ar- 
senal, Ark, 

Carter, James G., Vernon, Tex. 

Coggan, tL. B., Grinnell, lowa 

Corley, John P., Richland, Wash. 

Drayer, Dennis E., Midland, Mich. 

Fair, W. H., Ul, Corpus Christi, 
Tex. 

Falistrom, Leo, Stonington, Mich. 

Fehrenboch, Paul, Menominee, 
Mich. 

Flynn, John M., Midland, Mich. 

Geisert, Bruce A., Chicago, Ill. 

Gevld, Thomas 8., Manville, N. J. 
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Grimm, Reginald N., Texas City, 
Anniston, 


e, Plainview, 


H., Pitman, 


N. J. 
Hanson, Gerald D., Baytown, Tex. 
Howley, E. Westfield, N. J. 
Helpert, Raymond, Morshall, Tex. 
Hess, Irwin H., Stamford, Conn. 
Heyman, Norman Stomford, 

Conn. 

Hill, William L., Hot Springs, Ark. 

Hoffman, Stanley R., Chicago, fil. 

Holloway, Alan, Melbourne, Avus- 
tralia 

Israel, Lawrence, Brooklyn, N. Y. 

Johnson, John E., Jr., Aiken, S. C. 

Jones, Herbert L., Jr., Pittsburgh, 

Po. 

Jorgensen, August H., Jr., Akron, 

Ohio 
Keeling, Hugh E., Marshall, Ark 
Kitchens, Jesse Lee, Jr., Texas City, 

Tex. 

Kramer, Robert T., South Chorles- 
ton, W. Va. 

Kyle, Martin L., Akron, Ohio 

Lawley, James Jr., Baytown, 

Tex. 

Lobbauf. Habib, Baton Rouge, Lo. 
Lohse, George €£., idaho Falls, 

Idaho 
Maher, R., North Augusta, S. C. 
Manis, Milton, Deer Park, Tex. 
McDonough, Joseph A., Cincinnati, 

Ohio 

, Richard S., Schenectady, 


Donald J., New Albany. 

Ind. 

Muschett, Ralph W., Jr. Water- 
bury, Conn. 

Myers, Williom A., Fayettesville, 
Ark. 

Ni g! H., Cheb ygon, 
Mich. 

Nooker, Leslie J., Delta, Ohio 

Olson, Donald Albert, Kansos City, 
Mo. 

Ong, David K., Albuquerque, N. M. 

Owens, James Durwood, Dickinson, 
Tex. 

Papageorge, James P., Memphis, 
Tenn. 

Plotts, Dean B., McKeesport, Pa. 

Porter, Miles G., Wilmington, Del. 

Prichard, James J., Tonawanda, 

Rensen, Jules S., Pittsburgh, Pa. 

Reyes, Rosalino R., Quezon 
City, Philippines 

Robertson, Odes B., Port Arthur, 
Tex. 

Rowland, J. C., Jr., 
Tex. 

Rush, John A., Walnut Ridge, Ark. 

Saleeby, Roger N., Jr., Aiken, S.C. 

Salemi, Robert M., Wilmington, 
Del. 


Texos City, 
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Every item in the Diamond D 
Blue Line will measure with maxi- 
iE mum accuracy and uniformity. The 
treme care and the etching 
ca and clear to afford maximum 
D Blue Line is heat-fused into the Ala. 
graduations and is impervious to 
practically every chemical. ‘ex. 
The Diamond D Bilve Line Hansen, Woldemor 
nis is annealed in electrically-con- 
trolled lehrs to relieve internal 
e strain and each piece is double 
a , tested to rigid standards. When 
i you need laboratory glassware 
with built-in accuracy and uni- 
se formity, specify the Diamond D 
Blue Line. 
Send for FREE brochure today. 
® DOERR 
Lemann, Walter, Jr., Baton Rouge, 
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FUTURE MEETINGS 
(Continued from page 95) 


CHAIRMAN: S. A. Guerrieri, The Lummus Co., 
385 Madison Ave., N. Y. 17. 

Mineral Process Engineering and 

Mineral Economics 

CHAIRMAN: L. A. Roe, International Minerals 

& Chemical Corp., 20 North Wacker Drive, 

Chicago 6, Ill. 


LOCAL SECTION MEETINGS 


@ NEW YorK 
September 28, 1956, dinner meeting, Brass Rail, 
43rd St. & Sth Ave. “Sonics and Ch. Eng.” 


AUTHOR INFORMATION 


Submitting Papers 

Procedure to be followed is, in brief: 

1—Obtain four copies of ‘Proposal to present 
paper before the A.I.Ch.E.,” plus one copy of 
“Guide to Authors” from Secretary, A.1.Ch.E., 
25 West 45th St., New York 36, N. Y. 

2—Send one copy of completed form to 
Technical Program Chairman for meeting se- 
lected from above list. 

3—Send another copy to Mr. E. R. Smoley, 
The Lummus Co., 385 Madison Ave., New York 
17, N. Y. (Asst. Program Comm. chairman). 

4—Send third copy to Editor, Chemical Engi- 
neering Progress, 25 West 45th St., New York 
36, N. Y. Paper will lly be idered 
for possible publicatica in A.1.Ch.E. Journal. 

5—1f desired to present paper in a selected 
symposium, send fourth copy to chairman of the 
symposium. 

6—Prepare five copies of manuscript. Send 
one copy each to Symposium chairman, Tech- 
nical Program chairman, or both copies to former 
if no symposium is involved. Other three copies 
should be sent to Editor, C.E.P. Presentation at 
meeting offers no guorantee of acceptance for 
publication. 


CANDIDATES 


( Continued ) 


Schindler, Harvey, Brooklyn, N. Y. 
Schleusener, Dexter E., Painesville, Ohio 
Schwartzberg, Henry G., Hoboken, N. J. 
Seldomridge, R. L., Baytown, Tex. 

Sengakis, Anthony, Rockville Centre, L. 1., N. Y. 
Shellenberger, Donald J., Pittsburgh, Pa. 
Siwinski, George W., North Tonawanda, N. Y. 
Slawinski, Frank E., Manistee, Mich. 

Smith, W. J. S., Houston, Tex 

Spangler, Carl D., Jr., Shawnee, Kan. 
Stanley, Dowson, Dickinson, Tex. 

Stouffer, John D., Shelbyville, ind. 
Szelwoch, Edward Eugene, Rochester, N. Y. 
Thompson, Donald C., Fresno, Collif. 

Trigg, William W., Little Rock, Ark. 
Turnage, John W., Murrysville, Pa. 

Van Abs, A. W., Hopewell, Va. 

Word, Henderson C., Atlanta, Ga. 

West, Gerald R., St. Lowis, Mo. 

Williams, Robert D., Cuyahoga Falls, Ohio 
Wilson, Thomas J., Little Rock, Ark. 
Wingord, Lemuel 8., Jr., Nework, Del, 
Zaccaria, Gaetano, New Brunswick, N. J. 


Affiliate 


Fisher, Joseph H., Severna Pork, Md. 
Ghendour, Farouk, Beirut, Lebanon 
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left; CUT OUT VIEW OF BLENDER CYLINDER 


For FAST 
THOROUGH MIXING 


Nothing Equals ‘the 


PAUL 0. ABBE CONE BLENDER 


The Paul O. Abbé cone blender has proved the fastest and 
| most thorough blender for mixing chemicals, dyestuffs, pharma- 
ceuticals, metals, foodstuffs, and other products. 


The Paul O. Abbé blender gives complete intermingling of 
materials. The angle of incidence and reflection because of the 
cone design insures complete dispersion and mixing. There is no 
separation of materials regardless of their number or relative 
weights. No other type of mixer provides this ideal mixing action. 


Nor are there any dead spots. There is no possibility of an 
aggregate getting in one spot and failing to move away as occurs 
with other types of blenders. In addition this blender has high 
productive capacity with a minimum of floor space. Power 


| requirements are low. 


For complete details write for descriptive folder. 


POUL O. 


Manufacturers of 


BALL AND PEBBLE MILLS, DRY AND PASTE 
MIXERS, JAR MILLS, CONE BLENDERS 


| 271 Center Avenue Little Falls, New Jersey 
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Now the University 
Comes to the Engineer 


Chemical engineers can increase their popularity by kind- 
ness, their skill by doing, and their knowledge by study. 
There are numerous opportunities for extending them- 
selves in the areas of human relations and applied science 
and engineering, but perhaps they find it more difficult 
to make equally substantial gains in study once they have 
left the environment of the university. This is particularly 
true in the chemical industry where in many instances its 
plants and facilities are located in isolated areas, thereby 
minimizing, if not making practically nonexistent, the chance 
for an organized or formal approach to study. 


E. R. Cowherd Physical Research Laboratory, The Dow Chemical Co., Midland, Mich. 
Member, Professional Development Committee, A.1.Ch.E. 


uch can be written on the relative 
Ww merits of an organized study pro- 
gram contrasted to one that is self-moti- 
vated, but in general our experience has 
shown that where the first exists it is 
more productive and is preferred. A 
number of groups are finding this to be 
true and have made real efforts to intro- 
duce courses that will satisfy the inter- 
ests of chemical engineers and others. 
This article degcribes the experience of 


the Midland, Michigan, local section 
with a formal study program. 
As is the case elsewhere such as 


Charleston, West Virginia, and the 
Texas Gulf Region, Midland is located 
an inaccessible distance from a campus, 
in this instance 80 and 100 miles, Hence, 
for all practical purposes, it is not 
possible for people to continue working 
in the Midland area and at the same 
time attend classes on a campus. How- 
ever, a campus is sufficiently close so that 
the possibility of bringing the classes 
to Midland was thought to be a real one. 

Although there are many different 
subjects that could comprise a Profes- 
sional Development Program, we were 
of the opinion that first and foremost, 
the chemical engineer should have the 
opportunity to continue his technical de- 
velopment. Thus, the local section's ef 
forts have been primarily devoted to 
graduate courses in the field of chemical 
engineering 

We were fortunate in the fact that 
our interest in a graduate program in 
chemical engineering met with an equal 
interest on the part of the Department 
of Chemical and Metallurgical Engi- 
neering at the University of Michigan. 
Through the efforts of several people, 
particularly Professor R. R. White of 
the University of Michigan and R, M. 
Geiger of The Dow Chemical Company, 
the program has grown from what was 
initially an experiment to something real 
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that we believe will be with us for some 
time. 

In September, 1952, the first course 
in a series of seven that have been pre- 
sented to date was offered. It was titled 
“Advanced Heat Transfer and Fluid 
Flow.” Data relative to the courses, in- 
cluding names of instructors, accompany 
this article. 

It has been important for the Univer- 
sity of Michigan to assure itself that the 
courses are comparable in every way 
to those given on the campus. To be 
sure of this, the courses in Midland have 
been given at the same time and super- 
vised by the same instructor as on the 
campus. In every case, we have been 
concerned with three and four semester- 
hour credit courses which meet a re- 
spective number of hours a week. The 
university professor lectures one night 
a week in Midland, being able to do this 
by associating himself in each case with 
a recent advanced-degree graduate of 
the university who lives in Midland and 


who has taken the course in question. 
The instructor gives one two-hour lec- 
ture a week and his Midland associate 
another. The assignments and examina- 
tions are identical in content and sche- 
dule to those given on the campus. 


New Requirements for Credit 


Originally it was possible to apply a 
maximum of six hours of credit obtained 
in this way to an advanced degree. With 
the success of the first course the uni- 
versity ruled that a man so enrolled 
could apply up to nineteen credit hours 
toward a master’s degree. It was neces- 
sary, however, in order to obtain the 
degree, also to satisfy a residence re- 
quirement of one semester of courses on 
the campus in Ann Arbor. This require- 
ment could also be met by the candidate's 
attending two summer sessions, each of 
eight weeks’ duration, on the campus. 

As a result of the interest and the 
satisfactory way the program in Mid 
land had developed last year after five 
courses had been given, the university 
further reduced the residence require- 
ment to just one cight-week summer 
session. At the same time The Dow 
Chemical Company and Dow Corning 
Corporation have made it possible for 
an employee participating in the pro- 
gram, when his work will permit and 
after he has completed sixteen credit 
hours of work, to take a leave of absence 
with pay to attend a summer session in 
Ann Arbor. The employee is expected 
to utilize his annual vacation for this 
purpose the year he takes such leave. 


Degree Requirements 


The Department of Chemical Engi- 
neering at the University of Michigan 
requires a minimum of thirty semester 
credit hours for the master’s degree. 
The average student will be asked to 


(Continued on page 104) 


UNIVERSITY OF MICHIGAN COURSES GIVEN IN MIDLAND 


Heat Transfer and Fluid Flow, 5. W 
Churchill, J. Eichhorn. 

Mass Transfer Operations, J. T. Ban- 
chero, J, Eichhorn 

Thermodynamics, C. M. Sliepecevich, J. 
Eichhorn. 

Petroleum Refinery Engineering, 8. 2. 
Williams, 8. 8. Williams. 

Advanced Chemical Engineering Calcu- 
lations (Math.), J. J. Martin, R. B. 
Williams. 

Mechanical Design of Process Equip- 
ment, E. H. Young, D. L. Engibous. 
Metals for Process Equipment, M. J. 

Sinnott, J. W. Fredrickson. 


Semester For 
credit grad. 

When hours credit Audit Total 
Fall, 1952 4 19 0 19 
Spring, 1953 4 23 2 25 
Fall, 1953 3 9 3 12 
Spring, 1954 16 22 
Foll, 1954 3 16 2 18 
Spring, 1955 3 7 2 9 
Fall, 1955 3 4 0 14 
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POSEY 


LARGE O. D. 


PIPE 


For Specialized Uses 
in Chemical Plants 


CARBON STEEL 
STAINLESS STEEL 
NICKEL CLAD 
STAINLESS CLAD 
MONEL CLAD 
WROUGHT IRON 


Is there a product eaten, worn or used today 
in its final marketable form that, somewhere along 
the line from mine or field, farm or lab, is not 
touched by a chemical process?* 

It's the soundest reason we can think of for 
the fact that, if your product has a drying process, 
there is no “standard package deal” in dryers. To 


Posey has the experience as well as the facilities 
for fabricating almost any type of pipe from 


be entirely satisfactory, you - 
y > vo yom Gryers must be _ 20” diameter and larger. You can trust Posey to 
clusively yours — engineered, designed and built he h 
meet your most rigid specifications . . wit 
for your segment of this broadest of all industries; special attention to budget and delivery 
for your particular product, your particular process. requirements. Write for complete information 


without obligation. 


THAT'S WHERE WE AT SARGENT CAN HELP 


Our long and broad experience in research- 
ing, designing and building dryers for highly di- 
verse industries (rubber, tobacco, foods, explosives, 
textiles, are a few), gives us a backlog of practical, 
production-proven knowledge to help you to more 
efficient, economical, guaranteed-quality product 
drying. 
WHEREVER THERE'S A DRYING ‘PROCESS 
A Sargent Dryer will do the job better, at less cost 
Want detailed information? Just call your 
nearest representative or write us direct. 


*There are a few! A good cigar or a pack 
of cigarettes to anyone writing us the name of 
such a product. 


C.G.SARGENT’S SONS CORPORATION 


Fabricated in accordance with ASTM 
Specifications, Class A252-46 


ELEVATED TANKS ~- DIGESTERS 
HORIZONTAL TANKS STACKS 
STEEL PLATE FABRICATION 

DREDGE PIPE AND ACCESSORIES 


POSEY IRON WORKS, INC. 


CHARLOTTE, N.C. — W. S. Anderson, Caroline Specialty Co. 


TORONTO |, CAN. — Hugh Wiliams Wellington St, Eat Steal Plate Division - Pa. 
New York Office: Graybar Building 
pole or tunnel; stationary or rotary; high speed or low; heavy or 
Capacity: continuous or methods; OF 
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At Jerguson you get a 
Complete Line 
of Liquid Level 
Gages, Valves 

and Specialties 


| 
| 


Working closely with the men in the 
field, Jerguson has developed a complete 
line of specialized gages, valves and other 
equi t to meet the specific needs of 
the chemical and petrochemical industries 
for the observation of liquids and levels. 
Available in stainless, monel, nickel, has- 
telloy and many other materials . . . with 
rubber, neoprene, lead, teflon, Kel-F, and 
other linings... in a variety of end, side 
or back connections. 


Refi . With a variety of 
valves for il 


lerge Chamber Geass Minimize 
a surging effect. Both Reflex a 
Transparent; also with non-frosting gage 
glass extension. 


pated ond and Com- 
plete line of heated and cooled gages and 


valves, in various models, both Reflex 
and Transparent. 


Genes. Patented design 
vents frost building up over vision slot. 

din Weld right to liquid 
containing structure and become an in- 
tegral part of it. Can be staggered for 
continuous visibility. 


construction, 


Grove @ inyrvment Uni 
nipples, reducers, elbows, tees, valve a 


bleed valve all combined in one space- 
saving unit. 


Write for Data on Jerguson Products for Chem- 


Gates and Valocs for the 
Observation of Liquids and Levels 
JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 
Offices in Majer Cities 


Tress Goge & Valve Co., Lid., London, 
Pétrele Service, Paris, Fronce 
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News of the Field 


FROM LOCAL SECTIONS 


SCIENTIFIC MANPOWER 
PROBLEMS, HEAT TRANSFER, 
FEATURE NEW JERSEY 


| MEETING 


Seventh Annual one-day meeting 
of the New Jersey Section at- 
tracts 279 engineers, highest 
turnout since 1954. 


setter utilization of present scientific 
personnel is one major method of over- 
coming the shortage of top 
technological and scientific personnel in 
the country. 

This was one of the major conclusions 
reached in a panel discussion on “The 
Engineering Manpower Situation” held 
at the New Jersey Section’s one-day 
meeting in May. Panelists W. Cavan- 
augh, EJC; M. H. Trytten, National 
Research Council; D. L. Hiestand, Co- 
lumbia Univ. also agreed on the neces- 
sity of improving pay and prestige of 


serious 


| capable technical people and thereby help 


prevent them leaving science and engi- 
neering for the inore lucrative manager- 
ial field where their contribution may 
not be as great in terms of the coun- 
try's present needs, 


Heat Transfer 


Four papers were presented in the 
technical session—subject: heat transfer. 
D.. Q. Kern, D. Q. Kern Associates, 
showed that the problems of operation 
and control which arise through the im- 
proper sizing and location of heat trans- 


fer equipment fall into recurrent classifi- 
cations and can be eliminated by more 
thorough analysis prior to installation. 

Special purpose heat exchangers are 
finding increasing use in the chemical 
industry, according to R. E. Githens, 
Du Pont, who showed clearly how new 
ideas have changed the design of equip- 
ment such as steam jacketed kettles, heat 
exchanger heads, and expansion joints. 
Another new and growing facet of heat 
exchanger work is the application of 
scanning and logging systems to the 
presentation of temperature data ob- 
tained from the many temperature meas- 
uring elements, pointed out C. A. Ritter, 
Taylor Instrument Co. 

James Y. Oldshue, Mixing Equip- 
ment Company, explained that heat 
transfer is an important aspect of mix- 
ing operations. It so often accompanies 
other processes that the type of surface 
chosen and the mixer design must sat- 
isfy the heat transfer requirements as 
well as other process considerations. 


Writing and Thinking 

R. Gunning, Robert Gunning Asso- 
ciates, and C. S. Whiting, McCann- 
Erickson, took up “communication” sub- 
jects. Gunning, speaking on how to im- 
prove the engineers’ writing, pointed to 
methods of measuring readability of the 
writing as a means of getting to the final 
goal of clear, readable work. Whiting, 
an expert in techniques to improve in- 
dividual and group thinking, showed 
that these methods not only improve the 
flow of ideas but improve communica- 
tions as well. 

At the evening dinner, Col. T. P. 
Gahan, Chemical Office, First Army, 
spoke on Power for Peace. 


NUCLEAR ENGINEERING, 
PLASTICS AND RESINS 
FEATURE LOCAL SECTION 
MEETINGS 


Polyurethanes, leadership, defin- 
ing basic and applied science 
also come in for study by local 
sections. 


A heavy water moderated and cooled re- 
actor, the proposed MIT research reac- 
tor will operate initially at a power level 
of 1,000 kw., according to T. J. Thomp- 
son, designer of the reactor, speaking 
to the March meeting of the Boston 
Section (M. K. White). Irradiation 
experiments in chemical engineering, 
chemistry, and other fields are already 
being planned, high neutron fluxes will 
he available in the graphite reflector, and 
neutron-free gamma radiation will be 
provided from spent fuel elements in a 
separate facility. 

A broad, overall consideration of the 


Chemical Engineering Progress 


chemical engineering aspects of atomic 
energy was made by G. F. Jenkins, Car- 
bide & Carbon, at the April meeting 
of the Charleston (W. Va.) Section 
(A. W. Byer). Jenkins emphasized the 
Government's desire to have business 
enter the atomic power generation field, 
pointing to recent Governmental review 
of all classified information for the pur- 
pose of making as much information as 
possible available to industry. In the 
more technical vein, Jenkins outlined 
the problems involved in reprocessing 
fuel elements and discussed some of the 
known recovery and purification meth- 
ods, touched on new engineering tech- 
niques developed in connection with the 
atomic energy program, and went into 
non-power uses of radiation. 

At present, storing radioactive waste 
material is an appreciable part of the 
cost of atomic work—some $0.37 to 
$2.00 per gallon. After pointing this 
out, A. J. Hoiberg, Lion Oil Co. division 
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...the ULTIMATE! 


PRECISION 
BORE 


STIRRERS 
WITH INTERCHANGEABLE PARTS. 


Wilmad Precision Bore Stirrers 
have been acclaimed time and 
again as the “ultimate” in glass- 
ware craftsmanship. 

Rods and bearings fit to a 
closer tolerance than was ever 
believed possible. All stirrers, 
bearings, rods and blades are 
interchangeable and we stock 
them in a complete line of Stan- 
dard Taper and Spherical Joints 
for all sizes of flasks. 

You can find just the stirrer 
you need in the variety of styles 
we manufacture to meet every 
laboratory need. Send for de- 
tailed information today. 


WILMAD <14ss comrany 


Landisville, N. J. 


When you need PRECISION glassware — 
specify WILMADI 


SK FLOW INDICATOR — 
PROVIDES DUAL SCALE 


Now, you con obtain approxi- 
mate measurement of woter 
flow in gpm and air flow in 
cfm with SK's Fig. 18123 Boll 
Flow Indicator 

Note the duol scale, for 
water and air, on the Flow 
Indicator in the illustration. 

This indicator uses a ball to indicate flow 
in @ pipe line. The position of the boll, in 
relation to the water or air scale gradva- 
tions gives approximate indication of fivid 
rate-of-flow. 

SK Fig. 18123 Boll Flow indicators, mode of 
bronze, ore carried in stock in Ve, Ve, %, 1, 1%, 
and 2 in. pipe connection sizes. Write for prices. 


Schule and Koerting — 


COMPANY 


MANUFACTURING ENGINEERS 


2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA 


jet Apparatus | Rotameters flow | Valves for | Heat 


Bullets 
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AGILE Corrosion-Resistant 
Polyethylene And Polyvinyl 
Chloride Components 
Cut Costs 


vor” 


Ventilating Ducts 


Horizons, Inc. Benefits From Anti- 
Corrosive Agilide Tank, Pipe And Valves 


For Horizons, Inc., leading independ- 
ent research organization, the use of a 
corrosion-resistant polyvinyl chloride 
processing tank, plus flanged pipe and 
valves in a small pilot plant labora- 
tory has made possible trouble free 
handling of highly corrosive acids, al- 
kalis, solids and liquids. Original costs 
were less, maintenance is negligible, 
and there is no contamination. 

Where corrosion and contamination 
are problems, polyethylene and poly- 
vinyl chloride piping, valves, venti- 
lating ducts or exhaust fans are sure to 
provide a most practical and econom- 
ical answer. 


You con benefit from these features: 

© Lighter Weight 

Easier installation 

© Longer Service Life 

Lower Initio! Cost, Negligible Maintenance 
© Greater Rigidity and Strength 


Ventilating Fan 


W rite For 
Our Free 


Catalog, AA-2 


AMERICAN AGILE Corp. 


Plant ond General Offices * $461 Dunhom Heights, 0. 
Moiling Address, Box 168 * Bedtord 


FOR WATER OR AR | 
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DESIGNS 
MANUFACTURES 


ARTISA 


© Autoclaves Jacketed Kettles 
© Condensers © Mixers 

Heat Exchangers Pipe 

© Distillation Equipment © Reactors 

© Evaporators Tanks 

* Pilot Plants ° 


Complete Plants 


Telephone or write, Engineering Repre- 
sentatives throughout the United States 


ARTISAN METAL PRODUCTS, INC. 


Telephone: 73 Pond Street 
Twinbrook 3-6800 Waltham 54, Mass. 


Vacuum rectitying column—with automatic air-operated 
control—designed to operate either batch or continuous. 


Do You Need ULTRAFINE GRINDING? 


FOR UNEXCELLED QUALITY WITH 
CONTROLLED PARTICLE RANGE 


SCHUTZ-O’NEILL 
PULVERIZER 


Backed by 62 years experience! 


If your product must be pulver- 
ized to ultrafine specifications and 
yet have controlled particle size 
distribution, you'll find proven 
Schutz-O' Neill “Superfine”’ Pul- 
verizers best for the job. 

Many products that are heat 
sensitive can be pulverized safely 
too, because the grinding prin- 
ciple of impact with air attrition 
keeps product temperatures down 

nd helps control humidity. 

Versatility of the Superfine 
Pulverizers makes them adap- 
table to the complete range of 
—— from coarse to ultrafine. 

shutz-O' Neill Superfine Pulver- 


vital; by major cocoa powder, sugar, spice and 
pharmaceutical manufacturers; be. emulsifier 
ums, resin, plastic and seaweed extract pow- 
ers—wherever unexcelled quality grinding 
is required. Offered in 6 sizes ranging from 
7\% to 125 HP with grinding chambers 12’ 
to in diameter. 
FREE TEST GRIND OF YOUR PRODUCT 
in our teat lab! Tell us your milling requirement— 
fineness, uniformity, i output, lower cost 
send us a sample of the stock you want to pulver- 
ize, state fineness and capacity desired. You'll re- 
izers are used in the paint in- ceive back your processed product plus our En- 
dustry where ultrafine pigments gineering Test Report — there's no obligation. 
with close particle size range are Send for literature on 


Schutz-O' Neill Pulverizers 
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News of the Field 


FROM LOCAL SECTIONS 


(Continued from page 100) 


of Monsanto. described experiments in 
the use of catalytic asphalt membranes 
as a means of covering the walls of 
storage pits to the April meeting ot the 
El Dorado Section (D. S. Thomas). 
Results indicated that membrane con- 
struction with a roof structure to pre- 
vent overflowing from precipitation can 
be carried out at a cost of around $0.03 
per gallon of solution stored. 


Plastics and Resins 


Over one hundred companies are said 
to be engaged at present in the rapidly 
growing field of polyurethanes. As E. 
M. Fettes, Thiokol Chemical Corp., 
showed the March meeting of the 
New York Section (A. B. Babcock, 
Jr.), the field offers diverse outlets in- 
cluding structural members, coatings, 
tires, flexible foam applications, insula- 
tion and acoustical material. 

A brief description of one of the 
processes used for the manufacture of 
the methyl silanes, one of the basic raw 
materials for silicones, was given by J. 
S. Hurley, Jr., Silicone Dept. of General 
Electric, to the April meeting of the 
Atlanta Section (N. R. Maleady). 

More often than not, H. Gershinowitz, 
Shell Development, stated to the March 
meeting of the Southern California 
Section (F. G. Sawyer), the distinction 
between basic and applied science lies 
only in the minds and intentions of the 
men doing the work. Efficiency of neu- 
tron capture by various atoms could be 
basic research at a university and ap- 
plied research for a company studying 
nuclear reactors. This premise under- 
lies much of the “fundamental” research 
being undertaken in hydrodynamics, 
elastic behavior of solids, colloid chemis- 
try, and the reaction kinetics in flow 
systems. 


Leadership Potential was the subject of a panel 
discussion at the April meeting of the Sabine 
Area Section (Neil S$. Fussell). fanelists (|. to r.) 
H. M. Vaughan, Gulf; C. W. Cooper, Pure Oil; 
lL. R. Strawn, Jefferson Chemical; and D. B. 
Campbell, Du Pont, analyzed the recognition 
and development of leadership potential, whet 
qualities management considers most important 
in @ supervisor, and how the chemical engineer 
compares to other employees as for as the 
potential for supervisory jobs is concerned. 
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Pumping Progress Report 


FOR CHEMICAL ENGINEERS 


An advertisement prepared by the Aldrich Pump Co. 
Member of Hydraulic institute, U.S.A 


UREA PRODUCTION, like many other chem 
ical processes, presents difficult 
pumping problems. Urea slurry is 
both corrosive and erosive. 

Either condition can cause serious 
operational headaches; together 
they spell trouble for both design 
and maintenance engineers. 


PUMPING UREA SLURRY was the problem 
given to Aldrich by a foremost 
urea producer. Our solution was 
effective. We recommended ... 


A 6" STROKE DIRECT FLOW TRIPLEX with 
several modifications — porcelain 
plungers instead of hardened 
alloy steel — a Hastelloy B 
Fluid End. Direct Flow construc- 
tion insured minimum cost re- 
placements in the event of 
unavoidable corrosion damage. 


ALDRICH DIRECT FLOW DESIGN offers many 
advantages to pump users. Two 
right angle turns are eliminated 
— the liquid being pumped 
travels directly, on a horizontal 
plane, from the suction to the 
discharge manifold. Reduced 
space between valves results in 
higher volumetric efficiency. 


SECTIONALIZED FLUID-ENDS also afford 
greater economies of maintenance. 
Valves can be removed without 
special equipment. Individual 
sections of the fluid-end can be 
replaced at a fraction of the cost 
of conventional type fluid-—ends. 


DATA SHEET 67A describes the Aldrich 6" 
Stroke Direct Flow Pump Series, 
ranging in power from 300 to 900 
hp. Aldrich Engineers are avail- 
able to help solve your tough 
pumping problems. Write: The 
Aldrich Pump Company, 20 Gordon 
Street, Allentown, Pa. 
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VARIABLE SPEEDS FOR VARYING NEEDS 


U.S. VARIDRIVES 


Regulating the 
High and Low of 
Sewage Fiow with 
U.S. VARIDRIVES 


Thirty-two 20 h.p. U. S. 
Varidrive motors increase 
or decrease necessary 
pumping action of axial 
flow pumps which transfer 
sewage at the new Hyper- 
ion Sewage Disposal Plant 
of the City of Los Angeles. 
This is another example of 
the versatility of U. S. 
Varidrive motors to han- 
die variable speed pump- 
ing problems in all types 
of industry. Varidrives are 
available from “4 to 60h.p. 
Speeds 2 to 10,000 rpm. 


Versatile VARIDORIVE 
For Additional 
Applications 


CONVEYORS 

* PUNCH PRESSES 
LATHES 

EXTRUDERS 

PACKAGING 

CPOOLING 


MIXING 4BLENDING 


VARIDRIVES Power 
Pumps used for 
Pumping Beverages 


< 
Rotary Positive 
Displocement Pump 


ARIDRIVES 
Metering Pumps 


Piston Type Positive 
Displocement Pump 
VARIORIVES 
Regulate Any 
Standard Pump 


Comtrituge! Pump 


CANNING 

GRINDING 

VENTILATION 
BUFFING 


Send today for Informative Varidrive Bulletin #1797 


U. S.Moror: MOTORS 


?. O. Box 2058, Los Angeles 54, California or Milford, Connecticut 


Chemical Engineering Progress 


Page 103 


| | 
— = 


News of the Field 


FROM LOCAL SECTIONS 


NOW THE UNIVERSITY 
COMES TO THE ENGINEER 


(Continued from page 98) 


take perhaps thirty-two to thirty-three 
hours of work for the degree. There are 
three courses that are required of all 
candidates for the Master's in chemical 
engineering; all others are 
These required courses, the first three 
given in Midland, are: 1) Heat Transfer 
and Fluid Flow; 2) Mass Transfer 
Operations ; and 3) Thermodynamics. 
All who enroll in the program for 
graduate credit must be accepted by the 
university as graduate students. They 
must have an undergraduate degree 
from an accredited curriculum and, 
where the major is other than chemical 
engineering, must satisfy certain under- 
graduate requirements in chemical engi- 
neering as determined by the graduate 
school. They must also have the usual 
undergraduate grade requirements or 
otherwise establish capacities for taking 
advanced work, To date, the people 
who have made application to the grad- 
uate school of the university have had, 


electives. 


in every case but one, a B.S. in chemical 
engineering. The exception holds a B.S. 
in chemistry. There have been only a 
few with an undergraduate major in 
chemistry taking the courses. Several, 
however, who have degrees in mechani- 
cal engineering, are interested in specific 
courses and not in the general program. 
This has also been true of those who 
have advanced degrees in chemical engi- 
neering. 


Graduate Courses for Credit 

Of the 119 man-courses that have been 
104 man-courses have been 
This is contrary to 


completed, 
for graduate credit. 
an earlier experience with this system 
when a two-year course was offered a 
number of years ago. Usually persons 
who have audited the courses have not 
spent nearly as much time preparing for 
them as those taking them for credit. 
Much of the success of the courses is 
due to the high percentage of students 
taking them for credit. Although it is 
the intention of a number of people en- 
rolled in the program to spend a summer 
in Ann Arbor satisfying the residence 
requirement, it is not for a number of 
others. However, the fact that this is 
a possible future action has encouraged 
people to take the courses for credit. 
The major portion of those participat- 


GREY ENAMELED STEEL EXTERIOR 
STAINLESS STEEL INTERIOR. 


Blue M Ultra Modern Ovens even 
more convenient and economical 
to operate. 


Engineered for years of trouble-free 


service 


Unequailed for procedures involving 
Baking, Drying, Pre-heating, 
Sterilization, Aging, Tempering, 
Conditioning, ete. 


Alse available in Stainless Stee! Exterior. 


Temperature Ranges Up to @ns® C 
Automatic Trigger Control. 
Response Sensitivity + %* C. 
UL. Approved. 
Write Dep't EO— 
for Supplement No. 1 


$195.00 


Recent design improvements make the 


THE BEST ELECTRIC LABORATORY 
OVEN BUY ON THE MARKET TODAY 


ONLY 


BLUE LINE 


GLASS INCORPORATED 


VINELAND @ NEW JERSEY 
LOUISVILLE, 699-41 SOUTH HANCOCK ST 


to Cadustry aad Research 
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The Professional Development Conm- 
mittee of the Institute is anxious to see 
other local sections or groups of chemi- 
cal engineers promote educational pro- 
grams such as are described in this 
article. Chemical engineers are en- 
couraged to take advantage of the 
opportunities which they offer. Where 
these study programs do not now exist, 
the Institute encourages groups to or- 
ganize and put them into effect. 


ing in the program are recent graduates, 
Only 25 to 30%_of the classes have in 
cluded persons who have been out of 
college ten years or longer. A number 
of the courses have required as many as 
fifteen hours a week of work in and out- 
side the classroom, others something 
fewer than this. Although the courses are 
quite time consuming, the fact that the 
candidates have given up other activities 
and are willing to devote considerable 
time to this work is sufficient testimony 
to the importance that they have placed 
on this particular phase of their profes- 
sional development. The program is 
operating in such a manner at present 
that if a person who has a B.S. in chemi- 
cal engineering takes every course of- 
fered in Midland and attends one sum- 
mer session in Ann Arbor, he can satisfy 
the requirements for a Master’s in three 
and one-half to four years. 


Other Programs 

The graduate program in chemical 
engineering is only one of the three de- 
gree-granting graduate programs in the 
area, The Midland Section of the A.C.S. 
has sponsored for the past five years a 
similar program leading to the Master's 
degree in chemistry. The participating 
university in this program is Michigan 
State University which is located 80 
miles from Midland in East Lansing, 
Michigan. A number of chemical engi- 
neers have taken and are taking these 
courses and have found them interesting 
and important in their work. 

The University of Michigan is also 
giving its Master’s program in Business 
Administration in Midland. The first 
two courses started in September, 1955. 
Two have been completed: Accounting 
and Business Law. Both are two-semes- 
ter courses and the second semester of 
each is presently underway. 

Equally important are the opportuni- 
ties extended the chemical engineer to 
participate in Liberal Arts Courses 
which are offered in Midland by several 
universities and colleges, such as the 
University of Michigan, Michigan State 
University, and Central Michigan Col- 
lege. There are courses in history, art, 
literature, psychology, and the like. Some 
of these are given at the undergraduate 
and others at the graduate level. 0 
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ALSO IN STOCK 
AT OuR | 
LOUISVULE WAREHOUSE 


NOZZLES 


performance-proved 
for every operation 
Take advantage of the wide choice 

of spray nozzle types and capacities 

) supplied by Spraying Systems to meet § 
4 your needs exactly. Actually tens of § 
thousands of precision, standard | 

spray nozzles to choose from. Every 
kind of spray pattern. 


STRAINERS . .. high efficiency 
line strainers in all standard capacities. 


wnrtle for 


catalog 24 


A complete 48 page 
catalog with specifica: 
tions on all standard 
and pneumatic atom- 
izing nozzies. The most 
complete spray nozzie 
reference manual ever printed. 


SPRAYING SYSTEMS CO. 
3284 Randolph Street Bellwood, illinois 


zi 


ENWOOD VALVE DIVISION — 
VERNON TOOL CO., LTD. 


110) MERIDIAN AVENUE + ALHAMBRA, CALIFORNIA 


BULK MATERIAL CONTROL 


| under 
Pressure or Vacuum 


New Roto-Bin-Dicator mounts out- 
side bin, at any angle, for bin 
level signaling or machinery con- 
trol. Material loads on paddle 
actuate Micro switch in motor 
housing. Flexible paddle shoft 
permits use with large or lumpy ROTO- 
materials. Explosion-Proof BIN- 

U. L. Listed Units Now Available. DICATOR 


Air Mixtures or Liquids, 
| To Be Heated or Cooled. 


BIN- 
y DICATOR 


BIN-FLO 
AERATOR 


We heve complete fecil- 
ities and tested technique 
for the fabrication, weld- 
The original diaphragm-type end fin coils made from ol! 


i = 


nory opplicetions. 
your requirements, for sll types, al? of pipe end fin coils 
THE BIN-DICATOR co. Send for your free copy of the Rempe Engineering Dete Book on 
13946-H Kercheval « Detroit 15, Mich. pipe end fin coils, prepared especially for the design engineer, 
Phone: VAlley 2-6952 TORT. 


low pressre cir diffuser 
assures steady flow of fine, 
dry moterials thot tend to 
pock in storage. 


WE SELL DIRECT + PHONE A 


334 WN. Secramento Bivd., Chicago 12, Il. 
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| N CHANGE 
| THIS EASY 
| | | way WITH THE NEW 
GREENWOOD 
{ care valve LINE BLIN 
Sy \ No bolts to loosen! 
/ * No lifting of plates! 
mie * No spreading of line! 
nemy ond 
th 
| | 
R FIN AND PIPE COILS 
| a | STAINLESS STEEL 
Fer Handling All Types of Corrosive | 
ilustrated 


. use DOW CORNIN 
SILICONE 
DEFOAMERS 


168,000 th 

< 

KILLS 

12,800 ib 

plating bath 

KILL@ FOAM 


18,625 ib 
Gill pickle proc 
essing solution 


Hert are the mest economica 
moet versatile .foam. killer 
ver dévelo “Dew Cornin 
‘silicone’ boost p 
ductivecapoacity; cut processin 
time; eliminate waste and fire 
hazard of boil-overs. 


FOOD PROCESSORS — Now permissible 
to use time and money saving silicone 
dal Antif AF E lei at con- 
centrations up to 34 ppm; Antifoam A at 
concentrations up to 10 ppm. 


Free Sample — more your own 


test — send coupon today 
@ 


Dow Corning Corporation | 

Midland, Mich., Dept. 3007 i 
i Please send me: ' 
FREE sample of Antifoam A Compound ! 
Antifoom A or [JAF Emulsion; 


€ORNIN 


SILICONES 
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Clifford C. Furnas, assistant secre- 


tary of defense for research and de- 


velopment, is 
awarded the Honor 
Scroll of the Ni- 
agara Chapter of 
the American In- 
stitute of Chemists 
in recognition of 
his many years’ ser- 
vice to academic 
and applied science. 
Presentation of the 
Scroll is made only 
on rare occasions to those who have 
made exceptional contributions in the 
held. 


Irving Leibson promoted to senior 
chemical engineer in the technical ser- 
vice division at Humble Oil & Refining’s 
Baytown, Texas, refinery. 


Anthony P. Massa joins the staff of 
F. H. McGraw & Co., N. Y., as process 
engineer in the engineering department. 


The Pulp Chemicals Assoc., formed 
in 1955 as a trade association of manu- 
facturers of chemical products produced 
by or derived from the sulphate wood 
pulping industry, re-elects Albert 
Scharwachter president, elects 
Richard J. Spitz, vice president. 


Commercial Solvents Corp., N. Y.., 
announces the appointment of Hans M. 
F. Fischer as assistant to the vice presi- 
dent in charge of the company’s petro- 
chemicals division. 


The board of The Chemstrand Corp. 
elects Edward A. O'Neal, Jr., presi- 
dent, to fill the vacancy created by the 
resignation of Henry H. Bitler of 
Decatur, Alabama, who is returning to 
American Viscose Corp. Mr. O'Neal is 
resigning as vice president and director 
of Monsanto Chemical Co., St. Louis. 


Col. Theodore H. Marshall is pro- 

moted to the rank of Brigadier Gen- 

eral, the first 

Chemical Corps re- 

servist to be pro- 

moted to that rank. 

Long active in re- 

serve affairs, since 

1955 he has served 

as senior chemical 

officer in charge of 

mobilization de- 

tachment No. 10 

in the N. Y. area. 

In civilian life, General Marshall is 

associated with the Lederle Labora- 

tories, Pearl River, N. Y., as chief 
engineer, overseas operations. 
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Marvin J. Udy, Niagara Falls, N. Y., 
associate and consultant of Stratmat, 
Lid., a subsidiary of Strategic Materials 
Corp., received an honorary Doctor of 
Science Degree from Alfred University 
in recognition of his achievements in 
the field of electric furnace research. 


Emil G. Klarmann, vice president 
and manager of technical services of 
Lehn & Fink, Inc., is recipient of an 
honorary Doctor of Science Degree 
from the Philadelphia College of 
Pharmacy for his contributions in the 
fields of germicides and antiseptics. 


C. Rogers McCullough is elected 
president of the American Nuclear So- 
ciety. He is assistant director, develop- 
ment department, of Monsanto, St. 
Louis, and chairman of the AEC’s Ad- 
visory Committee on Reactor Safe- 
guards. 


Robert S. Ray, recently named vice 
president, now elected to the board of 
directors and ex- 
ecutive committee, 
Brea Chemicals, 
Los Angeles, Cal. 
Mr. Ray has been 
manager of manu- 
facturing since 
1953 when the 
firm’s first plants 
were under con- 
struction, Prior to 
joining Brea he 
was associated with Shell Chemical 
Corp. and Pan-American Refining. 


Esso Research and Engineering Co., 
Linden, New Jersey, announces chemical 
engineering additions to its staff in vari- 
ous departments: Leonard W. Fish and 
Leon Bleich, petroleum development 
div.; Aloysius J. Zurl, economics divi- 
sion; and Earle A. Nirmaier, Jr., de- 
sign division. 


Horace W. Boynton and W. Mayo 
Smith, Jr., have been made assistant 
directors of research for Escambia Bay 
Chemical Corp. 


F. R. Ward has joined the New 
York office of the Babcock and Wilcox 
Co. as a special assistant to the man- 
agement of the atomic energy division. 
He had been technical assistant to the 
manager, large ship reactor project, in 
Westinghouse Electric’s atomic power 
division. 


Roger C. Clapp was the recipient of 
an A.I.Ch.E. award at the annual ban- 
quet of the student chapter at North- 
eastern U. Clapp was honored for being 
the top student for the past two years 
in academic standing in the department 
of chemical engineering. 


July, 1956 


people 
x 
| 
| 
| | 
| 
« 
Booklet on Silicone Defoamers. | 


William L. Rodich, general manager 
of General Electric’s laminated and in- 
sulating products department, Coshoc- 
ton, Ohio, receives a “Certificate of 
Distinction” for professional achieve- 
ment from Dr. Harry S. Rogers, presi- | 
dent of the Polytechnic Institute of | 
Brooklyn. Rodich was one of a group 
of 100 Polytechnic graduates honored 
at recent observance of the Institute's 
centennial year. 


Warren L. McCabe, administrative 
dean of the Polytechnic Institute of 
Brooklyn, elected for a second term to 
the presidency of the Association of 
Engineering Colleges of N. Y. State. 


Norman A. Copeland becomes as- 
sistant to the director of production at 
Du Pont’s Wilmington film department. 
He was formerly in the firm’s cello- 
phane plant at Old Hickory, Tenn. 


James S. Crowl appointed supervisor 
of process research by Acheson Col- 
loids, Port Huron, Mich. 


The 1956-57 Texas Company Fel- 
lowship at N. Y. University College of 
Engineering received by Jack J. Famu- 
laro, Springfield, Mass., presently em- 
ployed at Monsanto Chemical Co. 


William B. Davis named manager of 
the $6 million plant for production of 
synthetic fluid pe- 
troleum cracking 
catalysts being con- 
structed by Davi- 
son Chemical Co., 
Ltd. at Valley- 
field, near Mon- 
treal, Canada. With 
Davison since 1942, 
Davis has been 
staff assistant to 
F. C. Nicholson, 
operations, at Curtis 


vice president, 
Bay Works. 


B. K. Kallay becomes chief chemical 
engineer at the Sharples Division plant 
of Pennsalt Chemicals in Riverview, 
Mich. His former assignment was 
planning engineer. 
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MICROFLEX | 


Chemical Proportioning Pump 


Simplex and duplex styles avail- 
able. 


Various piston-cylinder assemblies 
can be used interchangeably to 
produce desired pressure-capacity 
combinations. 

Piston stroke variable from 0 to 
100% while pump is operating 
under full load. 

Piston completely displaces all 
liquid from cylinder at each stroke. 
Self-aligning pistons 
insure longer pump 
and packing life. 


PRESSURES 


uP TO 
Write for 60,000 


0.97 to 
31.21 
AMERICAN INSTRUMENT CO. gal. /hr. 
Silver Spring, Maryland, in Metropolitan Washington — 


Adjustable 
SPROCKET RIM 
with Chain Guide 


ANY VALVE is readily acces- 
sible from the floor with low- 
cost Babbitt Sprocket Rim. 
Now re-designed for— 


Greater strength 
* Easier, quicker, more solid assembly 


Simplifies pipe layouts, prevents accidents, fits all valve wheels. Your 
supplier carries complete stocks. Call him—or write for folder and prices. 


STEAM SPECIALTY. co. 


6 BABBITT SQUARE, NEW BEDFORD, MASSACHUSETTS, U.S. A 
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CLASSIFIED SECTION 


Address Replies to Box Number Core of CHEMICAL ENGINEERING PROGRESS 


SITUATIONS OPEN 


Realize the Maximum Out 


of Your Degree and Experience . 
By Associating with——— 
in 


ACETYLENE ENGINEERING AND DEVELOPMENT 


The expanding acetylene program at our new, air conditioned Speedway Laboratories 
located in suburban Indianapolis offers unusual and challenging career openings. Our 
needs are for CHEMICAL ENGINEERS interested in and capable of assuming responsibility 


for new projects in the following fields: 

@ DEVELOPMENT of novel meth- 
ods of acetylene production and 
distribution 
DESIGN of new plants for sup- 
plying chemical acetylene in 
pipeline quantities 
ENGINEERING for our produc- 
tion plents and distribution 
systems 
TECHNICAL SERVICE for Linde’s 
nationwide acetylene business 
These activities offer challenge to engineers interested in: 

* heat transfer * fluid flow * catalysis 

* gas kinetics * thermodynamics * pressure vessel design 
B.S., MS., or Ph.D. graduates submit résumé covering education (approximate academic 
achievement), experience and work interests 


LINDE AIR PRODUCTS COMPANY 
A division of 


Union Carbide and Carbon Corporation 
Att.: Mr. J. J, Rostosky P. O. Box 8237, Indianapolis 24, Indiana Refer to ad: CEP-A 


CHEMICAL 
ENGINEERS 


Interesti lone 1. BS, MS or PhD in ChE with 3 to 6 

years experience, To carry out engineering 
Celanese's growing re- studies on the preparation of polymers 

‘ suited to fibre manufacture; to assist in 

scare laboratory gre development of processes for the manufac- 
viding excellent oppor- ture of fibre formers; to collaborate with 
plant development groups in large seale pilot- 
tunities for advancement ing of new processes; to make economic 
within the organization. studies in connection with such processes. 
2. Degree in ChE or physical chemistry with 
up to 5 years experience. To carry out 
New Jersey, a pleasant research and process development for the 
extrusion of synthetic fibres and to develop 
residential community processes for producing new fibres and for 


within 30 miles of improving existing ones, 


Location ia in Summit, 


New York City. Please ?,. MS in ChE with 2 to 5 years experience, or 
the equivalent in industrial experience. To 
send complete resume, be bare for the supervision and 
including salary require- planning of pilot plant operations, ineluding 
pilot plant design, preliminary plant design 
ments, to J. A, Berg. and capital estimates and to supervise start 
up operations in production units. 


CORP. OF AMERICA 
Morris Court Summit, New Jersey 
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and 
ATOMIC 
POWER 


Atomic power, we feel, offers 
outstanding opportunity for an 
engineer or scientist to grow 
professionally. It's new enough 
so that the work is challenging; 
still it’s well enough established 
so that a capable man can make 
real progress. 

If you are interested in a 
non-routine position that will 
use all of your education and 
experience, we suggest you in- 
vestigate the future with the 
leader in Atomic Power. At 
Bettis Plant, there are select 
positions open for specially 
qualified: 


@ PHYSICISTS 

@ MATHEMATICIANS 

e METALLURGISTS 

® ENGINEERS 

Write for the booklet ‘“Tomor- 
row's Opportunity TODAY” 
that describes opportunities in 


your field. Be sure to indicate 
your specific interests. 


Write: Mr. A. M. Johnston 
Dept. A-44 
Westinghouse Bettis Plant 
P. O. Box 1468 


Pittsburgh 30, Penne. 


BETTIS PLANT 
Westinghouse 
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aS a CHEMIST 


What do you look for 
when you think of moving 
to a better position? 


Full and immediate use of your train- 
ing and experience 

Simple. sensible salary policies offer- 
ing rapid and continued recognition of 
your contributions 

An organization small enough to insure 
individual recognition and growth and 
large enough to offer long range 
security 

A research and development organiza- 
tron managed by scientists 

An opportunity to develop your pro- 
fessional competence through funda 
mental research in a variety of flelds 


All of these, plus the usual bene- 
fits, are reasons given by scien- 
tists themselves for joining 
TECHNICAL OPERATIONS, 
INCORPORATED 
POSITIONS ARE AVAILABLE 
for physical and organic chemists 
with varying levels of academic 
training and experience. In addi- 
tion there are openings for men 
with specific training in the 
reactor development field. 

It's your move. Be sure it's a good 
move. Call of write us before you 
make it. (Ack for our short, pre- 
liminary application card) 


Robert L. Koller 


TECHNICAL 
OPERATIONS 


INCORPORATED 


6 SCHOULER COURT 
ARLINGTON 74, MASSACHUSETTS 
mi 3-4500 


*Dr. F. C. Henriques, President and 
Technical Director; Tir. Marvin G. Schorr 
and Dr. Bric T. Clarke, Vice Presidents 
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CHEMICAL ENGINEERS 


Carcers in Sunny Southern California 


PROCESS ENGINEERING 


evaluation of refining and chemical processes. 


Design and economic 


CHEMICAL PROJECT ENGINEERING 
tion of processes to new industrial plants. Selection and 


Applica- 


design of process equipment 


INSTRUMENTATION Selection and design of 


instrument systems for process plants 


C F Braun & Co 


ALHAMBRA, CALIFORNIA 


* CONSULTING + APPLIED RESEARCH 


PROJECT ENGINERRING 


FABRICATION + CONSTRUCTION 


DEVELOPMENT 
WITH - - - 


| 

| Our expanding deve 

challenging opportunities to graduate CHEMISTS end CHEMICAL ENGINEERS. These 
openings have high potential for men with imagination and creative ability. Projects 


ent program at Tonawanda, New York offers unusual and 


include MARKET EARCH and APPLICATION DEVELOPMENT on such materials as: 
e UQUID NITROGEN 


. « indefinite preservation and processing of biclogical materials. 
. application of liquid nitrogen temperature in the shipment of frozen foods without 
intransit refrigeration. 
@pplication of extreme pressures and low temperatures 


@ MOLECULAR SIEVE ADSORBENTS 
. » adeorption 
| « » @eperation of hydrocarbons 
. « Catalysis, purification and pilet plant design 
| 


The magnitude and diversity of LINDE products and processes are appealing to tech 
nical men who are seeking employment with e dynamic company of proven stability 


BACHELORS, MASTERS, and Ph.D.'s are invited to investigate. 


If interested, submit résumé covering education (approximate ecademic standing), 
experience and background to: 


LINDE AIR PRODUCTS COMPANY 
division of 
Union Carbide and Carbon Corporation 
P. O. Box 44 
Tonawanda, New York 
Attention: Mr. P. |. Emch 
Refer to ad: CEP-D 


DIRECTIONS FOR USE OF CLASSIFIED SECTION 
Advertisements in the Classified Section of Chemical Engineering Progress are payable in 
advance at 20¢ a word, with « minimum of four lines accepted. Box number counts as two 
words. Advertisements average about six words « line. Members of the American Inetitute 


of Chemical Engineers in good standing are allowed one six-line Situation Wanted insertion 
(about 36 words) free of dinamo a year Members may enter more than one ineertion at half 
rates. Prospective employers and employees in using the Classified Section of Chemical 
Engineering Progress agree that all communications will be acknowledged, the service te made 
available on that condition. Boxed advertisements are available at $17 « column inch Size 
of type may be specified by advertiser. Anewers to advertisements should be addressed te 


the box number, Classified Section, Chemical Engineering Progress, 25 Weet 45th Street 
New York 36, N. Y. Telephone COlumbus 5-7330. Advertisements for this section should be 
in the editorial offices the I5th of the month preceding publication 
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Chemical Engineers 
for Process Design 
and Technical Service 


Chemical Engineers are needed for 
permanent positions in the Process 
Design and Technical Service De- 
partments. These groups are en- 
gaged in the design and operation 
of processing unite in the petro- 
leum refining industry, both do- 
mestic and foreign. Applicants with 
experience are desired but initia- 
tive and ability are of most impor- 
tance. Some travelling required. 
Send details of experience, educa- 
tion and salary requirements. Re- 
plies will be given prompt consid- 
eration and will be held in complete 
confidence. Address applications to: 


Projects involve practical design and development engineering in: 

* distillation * stress analysis * pilot plant design and operstion 

heat trensfer * equipment design * process engineering 

thermodynamics * instrumentation and controls * fabricating techniques 

fwid flow These projects are essocieted with the production and distribution 
of oxygen, nitrogen and argon as low temperature liquid or gases. 
B.S., M.S., or Ph.D, graduates with up to five years’ experience are 
invited to investigate. 


LINDE AIR PRODUCTS COMPANY 
@ division of 
Union Carbide and Carbon Corporation 


Send résumés to: Mr. P. |. Emch P. O. Box 44 
Refer to ad: CEP4 Tonawenda, New York 


CHEMICAL ENGINEERS (2) 


CHEMICAL ENGINEERS FOR 
PROCESS ENGINEERING WORK 


Research and Development Division of 
well-established heavy chemical pro- 
ducer has vacancies in the process 
engineering department for chemical 
engineers with 0 to 3 years’ experience. 
Pilot plant operation, process design, 
and feat scale tests constitute work 
handled. Location at Baltimore, Mary- 
land, plant with some traveling. Salary 
commensurate with applicant's experi- 
ence and ability. 


Send résumé to the following: 


L 


Industrial Relations Department 
DAVISON CHEMICAL COMPANY 
Baltimore 3, Maryland 


5 Engineering Division Excellent opportunity for aggressive 
8 “idea” men. Position open in central 
Bay engineering department for man desir- 
| ing diversified project-plant design 
work, Other opportunity in production 
supervision, Medium-sized pharmacev- 
tical manufacturer in metropolitan New 
he PROCESS CORPORATION Jersey. Some experience desirable but 
| ame 1528 Walnut Street will train @ beginner. Reply full details 
p elphia 2, Pennsylvanio in confidence. Box 5-7, 
OUTSTANDING OPPORTUNITIES FOR CHEMICAL ENGINEERS & CHEMISTS 
WITH 


ALLIED S EMICAL & DYE CORPORATION 


BASIC QUALIFICATIONS 


Pilot Plant Process 
Plant Operation 


LOCATION 


SEND RESUME TO 


CHEMICAL ENGINEERS 
Chemical Engineering Design 
Process Improvement 


0 to 8 years experience with Ph.D., MS or BS degree 


CHEMISTS 
Analytical Research 
Fertilizer Research 
Pilot Plant Process Development 
Plant Operation 


Development 


Ultra-modern buildings, and equipment, congenial atmosphere, and pleasant work- 
ing conditions at Nitrogen’s new Development Center. 
excellent livirg conditions in surrounding locality. 


Enjoyable climate and 


Director of Development 
Nitrogen Division 
Hopewell, Virginia 
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CHEMICAL ENGINEERS 
Process Engineers 


Here is a chance to work with én 
unusually wide variety of chemical unit 
operations in an industry whose prod- 
ucts are vitel to the national economy. 


PROCESS DESIGN ENGINEERS 


Permanent responsible positi with opportunity for high calibre men in Engineering Depart- 
ment of large Gulf Coast chemical manufacturing plant. Applicants should hove the following 


Technical Representatives 


We will train you to sell and service 
our industriel products to the paper or 
corrugsted boxboard industries. Must 
be willing to relocate and travel. 

We recommend you consider the fine 
engineering opportunities that the nea- 
tion’s leading corn and soybeen proc 
essor can offer you. 


. B.S. or advanced degree in chemical engineering. 

. Minimum of three yeors’ experience in process design calculations, pilot plent 
operations or production trouble shooting—preferably in organic plants. 

. Interest in detailed calculati and mechanical-chemical interpretation into practical 
designs. 

. Interest in chemical engineering as o profession. 

. Ability to work with others in a team. 


Please mail application to 


Personnel Department Positions are in Process Design Section for work on new plants and odditi to existing 
A. E. STALEY MFG. CO. plants. Werk i bod " lation of pilot plant processes into full scale plant design, design 
calculations on distillation, heat transfer, mass transfer, fluid flow, and associated work 
Decatur, tilionis necessary to prepore flow sheets (no drafting). Processes ore both organic and inorganic 
Some field data and production equipment performance evaluations involved. Small elec 
tronic computer to be available in this work. Assignments will allow for full recognition of 
individual's ability, with commensurate salory. 


Replies held in strictest confidence, all will be answered. Please send complete résumé, includ- 
ing education, experience, and salary expected to Mr. D. M. Duguid, Technical Employment 
= Manager. 
PROJECT ENGINEERS Texas Division 
Expanding chemical plant design group The Dow Chemical Company 


in our engineering and construction 
division at Pittsburgh needs several | 
project engineers having approximately Freeport, Texas 
five years’ process design experience. 
Masters degree desirable. Unusual op- 
portunities for participation in all 
phases of activities from research 
through engineering to plant start-up 
on wide variety of chemical and petro- ACADEMIC POSITION OPEN—linstructor of CHEMICAL ENGINEER —f'b.D. required. Must 
chemical processes. assistant professor starting September, have strong interest in research. Renk and 
Write giving detaile of experience and 1956 to teach Chemical Engineering and salary depended upon qualifications. Give 
salary requirement to: subjects related to Petroleum. Position full particulare including personel data, 
Personne! Department permanent. Salary and rank depend wu training, experience, publications, refer- 
KOPPERS COMPANY, INC. ualifications. Write to Dean of Faculty, ences !, W. Akers, Department of Cheml- 
Koppers Building Colorade School of Mines, Golden, Colorado. cal Engineering, Rice Institute, Houston, 
Pittsburgh 19, Penna. Texas. 


CHALLENGING CAREER OPPORTUNITIES 


Positions available in a wide variety of interesting work for young engineers with 
up to seven years’ experience and with high college scholastic ratings. 


CHEMICAL ENGINEERS MECHANICAL ENGINEERS 


Process & Design Engineering Cost Estimation 
ESSO Pilot Plant Process Development Mechanical Design 


ENGINEERING Process Improvement Refinery Planning & Layout 
Engineering Economics Project Engineering 
Field Engineering 


Give full data and specific details of education experience, desired salary, 
availability date and reference. 


All inquiries will be considered promptly and held confidential. 


ESSO RESEARCH AND ENGINEERING COMPANY 
Employee Relations 
Linden, New Jersey 
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Engineers 


A word from 
Dr. William 
Technical Director 


Westinghouse 


E. Shoupp, \ 


Commercial 
Atomic Power 


“Our scientists and engineers are the pace setters in the brand- 
new field of nuclear science and engineering-for-power. 


*“Weatinghouse has specific commercial projects under way. These 


represent firm orders—not just jobs under negotiation. The re- 
sulta will be visible in the shortest possible time, as the projects 
are built and go into their operative stage. And you don’t have 
to be experienced in nuclear power to join us in this exciting 


new profession.” 


An Experienced, Young, Fast-Growing Team 


CAPA 


Commercial Atomic Power Activity—is the most dy- 


namic new division at Westinghouse. We're “fluid,” not fixed. 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep—as electric power de- 
mand and atomic power production pyramid sharply. We're 
entirely commercial—not dependent on government contracts. 
Opportunities for advanced study at company expense. Get in 
on the “industry of tomorrow’ today—at Westinghouse CAPA. 


Engineers « 


Send résumé to: 


... for Physicists « Physical Chemists «+ Chemical 
Mechanical Engineers + 
Engineers « Designers + Metallurgists 


Electrical 


C.8. Southard, Westinghouse Commercial Atomic 
Power, Box 355, Dept. 182, Pittsburgh 30, Penna. 


WATCH WESTINGHOUSE! 


FIRST IN ATOMIC POWER 


CHEMICAL ENGINEERS 


Process Design 
Project Management 
Development 

Sales Engineering 


A well-known, aggressive engineering 
firm in downtown Cincinnati with an 
impressive record in designing and 
building plants for diffusional process 
operations and orgenic synthesis has 
an opening of major responsibility in 
each of the above classifications. Our 
work and medium size require each 
man to handle broad-range engineering 
assignments and a high level of per 
sonal responsibility——with distinct op 

rtunities for individual recognition 
hese are good positions with good 
salaries for the right men. In addition, 
Cincinnati is a pleasant place to live: 
progressive, modern, friendly and offer- 
a many activities. Send data and 
salary to Personnel Director. 


VULCAN ENGINEERING DiV. 
120 Sycamore $t., Cincinnati 2, Ohic 


CHEMICAL ENGINEERS 


One of the country’s major corporations 
has unusual opportunity in its newly 
formed Planning Department. Prefer 
man with five to ten years’ experience 
in engineering-construction firm, in re- 


sponsible charge of economic evalua- 
tion of proposed processes, plants, and 
plant locations. Excellent prospects for 
alert young man in mid-or late thirties. 
in confidential reply, please include age, 
education, experience, and salary re 
quired. Box 6-7. 


Practicing engineers with fifteen or 
more years’ experience in design and 
operation of process equipment for 
handling flourine and flourine com- 
pounds or in small-scale pyrometal 
lurgical processing Supervisory or 
administrative experience not applicable. 
Positions available in Chemical Engi- 
neering Division of 


ARGONNE 
NATIONAL LABORATORY 
Send résumé to: 


R. A. Wesley P. O. Box 299 


DESIGNER & BUILDER OF THE ARMY PACKAGE POWER REACTOR 


Needs Chemists and Chemical Engineers for its expanding Atomic 
Energy work. Fields open are in fuel reprocessing, chemical tech- 
nology associated with nuclear plants, water treatment, and related 


fields. 


ATOMIC ENERGY OPPORTUNITIES 


ALCO PRODUCTS, INC. 


G. Y. Taylor, Manager 


Employee Services Department 


ALCO PRODUCTS, INC. 


Send resumé of your qualifications and salary requirements to— 


Schenectady 5, N. Y. 


PROJECT AND PROCESS 
ENGINEERS 


Our company is committed to a five 
year expansion program in chemicals 
and plastics which will afford outstand 
ing advancement opportunities. Even 
now, we are building two plants—one 
in the East and one in the West——te 
manufacture the new low pressure type 
polyethylene We have several posi 
tions open for chemical engineers quali 
fled in either project engineering or 
process engineering. We have many in 
teresting possibilities to offer and want 
to hear from you. Please address all 
replies to 


KOPPERS COMPANY, INC. 
Chemical Division 
Development Laboratory 
P.O. Box 65 Monaca, Pa. 
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ENGINEER OR CHEMIST 


CERAMICS 


Develop High Temperature Materials for 
Nuclear Flight 


General Electric is now vitally committed in the 
area of nuclear powered aircraft Even though 
General Electric has an unexcelled complex of test 
facilities, equipment and scientific personnel, much 
remains to be done. This qualified senior engineer 
will find our small congenial project-group just 
the right medicm in which he can make a lasting 
contribution to the development of improved ma 
terials, For in truth, professional achievement is 
best fostered in an atmosphere of face to face 
stimulation. This, as much as anything else, is 
what you get at GE. 


At least 8 to 10 years experience is required, in 
volving non-metallic inorganic materials for use 
at high temperatures If directly related, time 
spent in obtaining an advanced degree may be con 
sidered part of this experience). Applicant must 
be a graduate physical chemist, metallurgical 
engineer, or ceramic engineer, preferably with 
Ph.D. or equivalent. 


Publication of research results in the appropri 
ate classified or open literature is encouraged 


OPENINGS IN CINCINNATI, OHIO 
AND IDAHO FALLS, IDAHO 


Address replies stating salary requirements, to 
location you prefer: 


Ww. J. KELLY L. A. MUNTHER 
P. O. Box 132 P. O. Box 535 
Cincinnati, O Idaho Falls, idaho 


GENERAL @@ ELECTRIC 


CHEMICAL 
ENGINEERS 


Foreign Employment 


Graduate engineers with 
minimum 3 years experi- 
ence for specialized assign- 
ments commensurate with 
qualifications in foreign 
oil producing company’s 
operation located in Saudi 
Arabia. Generous salary 
plus living allowance ; lib- 
eral all-inclusive benefit 
program. 


Write giving full particu- 
lars regarding personal 
history and work experi- 
ence. 


Recruiting Supervisor, Box 151 


ARABIAN AMERICAN 
OlL COMPANY 


YOUR 
lear 


IS HERE... 


C-E has immediate Junior and Senior open- 
ings in the positions listed below... at its new 
Nuclear Engineering & Development Center, 
Windsor, Conn. 

Aeronautical Engineers Mechanical Engineers 
Chemical Engineers Metallurgists 
Chemists Naval Architects 
Design Engineers Nuclear Engineers 
Electrical Engineers Physicists 


Mathematicians Statisticians 
Structures Engineers 


This is your opportunity to help develop a 
new Naval Nuclear Propulsion System—with 
the first company that will complete such an 
AEC contract with its own facilities. 

You will be a member of a company well 
established in the Nuclear Power field—with 
10 years’ experience designing and building 
major reactor components, both for Naval 
units and central stations. 

And you will find Windsor a beautiful 
place to live. Only 8 miles from Hartford, 
it is an ideal location, both for work and 
recreation. If you are planning to vacation in 
New England this summer—why not take the 
opportunity to arrange a visit with us? 

U. S. citizenship required. Please submit 


complete resume, in confidence, to: ‘ 


505 PARK AVENUE 


COMBUSTION ENGINEERING, INC. 


De p Division * Department A, Windsor, Conn 


NEW YORK 22, NEW YORK 
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REACTOR ENGINEERS 
AND SCIENTISTS 
ARE NEEDED 


@ With 0-5 years of experience, and 


@ whe are interested in helping to 
build » new company 


Please write for further details 


INTERNUCLEAR COMPANY 
7 Ny Brentwood Bivd. 
Clayton 5, Missouri 


CHEMICAL ENGINEERS 
FOR 
APPLIED RESEARCH 


Battelle's expanding research program 
for industry is creating new career 
positions for capable doemtent engi 
neers in the following fields: 


Pilot Plant Operation 
Heat Transfer and Thermodynamics 
Process Development 
Reactor Engineering 
Extractive Metallur 
Minerals Beneficiation 
Electrochemical Engineering 


ramice 


These positions offer out-of-the ordi- 
nary merit promotional opportunities in 
a etable, progressive rgenization 
which has enjoyed a threefold increase 
during the past ten years. For tech- 
nical spplication form, write to 


Technical Personnel Manager 
BATTELLE INSTITUTE 
505 King Avenue 
Columbus 1, Ohio 


SITUATIONS WANTED 
A.LCh.E. Members 


CHEMICAL ENGINEER—Age 31. 8.Ch.E. 
1950 Graduate work in organic chemistry. 
Four years’ experience in plastics and 
synthetic latex development and process 
control, wo years economic evaluation 
with major oll company. Creativity. Super 
vision. Excellent references. Seeking re. 
sponsible job. Box |-7. 


RESEARCH DEVELOPMENT ENGINEER— 
ho ree years’ teaching experience, 
pa years’ industrial experience in process 
and equipment development, project engi- 
neering, appiied research, production-re- 
search liaison. Strong in human relations. 
to move to management level. 
or 


CHEMICAL ENGINEER-B.S.Ch.E. Ten years’ 
experience in manufacture and process de- 
velopment of organic and inorganic chem- 
feals, including plant start-ups and trouble 
shooting. Genuine practical ability. De- 
sires responsible position in production or 
development. Northern or eastern location. 


Box 5-7 
CHEMICAL ENGINEER —E ight years’ diversi- 


fied experience in manufacture of heavy 
chemicals, fine chemicale and pharmaceu- 
tieale including production supervision, 
trouble shooting, process engineering, pro- 
duction planning and economic evaluations. 
Desires responsible administrative position 
—New York area. Bor 4-7. 
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Lansing T. Dupree (left) and Miss Helen R. 
Glennon are shown receiving the congratulations 
of F. J. Van Antwerpen, secretary of the Institute 
and publisher of C.E.P. at a recent luncheon 
given at the Chemists’ Club in New York by 
fellow employees. Marking their tenth anniver- 
sary with the organization, Mr. Dupree, advertis- 
ing manager, and Miss Glennon, associate editor, 
were part of the original cadre gathered by 
Mr. Van Antwerpen (then editor) in 1946 to 
launch the i Chemical Engineering 
Progress. In respective citations, Miss Glennon 
was termed “the Institute's Bureau of Standards,” 
ond Mr. Dupree “an outstanding contributor to 
the Institute's improved economic picture.” 


R. C. Werner becomes associate di- 
rector of research, in charge of the 


nuclear engineering division, Callery 
Chemical Co., in Pennsylvania. 

John J. Reed is named product 
manager, isocyanates, by the National 
Aniline Div. of Allied Chemical & 
Dye Corp., N. Y. 


V. L. Marquart has joined Fairchild 
Graphic Equipment, Inc., Jamaica, 
N. Y., as a research associate. He has 
been associated with the materials con- 
trol division of the Curtis Publishing Co. 


J. F. Mathis promoted to research 
specialist in the Humble Oil & Refining 
Company's Baytown, Texas, refinery. 


William I. Thompson is named to 
the staff at General Dynamics Corp.'s 
General Atomic Division, San Diego, 
Cal., where he will serve as chief of 
process engineering in the division's 
research laboratory. His group will 
engage in work on the design and 
evaluation of reactor systems and com- 
ponents. 


Necrology 


J. Rich Holland, 66, Wiley & Co., 
Baltimore, Md. 

A. R. Carr, Dean of Engineering at 
Wayne University. 

George E. Wise, 


du Pont de Nemours & Co., 


Plant, Buffalo, N. Y. 


& 
Yerkes 
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Customized Systems for small 
and large operations. Recom- 
mended for new installations or 
for modernizing existing ar- 
rangements. 


Glengarry experts are ready to 
advise you. Write to: 


Programmed Process Weighing 


Glengarry Process Weighing Systems—for timed, automatic weigh- 
ing of dry components into the process stream—build profits, pay 
for themselves in a surprisingly short time. 


Precise formula control—versatility—rapid operation. 
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If you have chemical processes in 
volving high vacuum evaporation, 
distillation, or vacuum cooling of 
corrosive materials, it will pay you 
to consider Croll Reynolds corrosion 
resistant EVACTOR Units and con 
densing equipment. 


COR Steam Jet EVACTOR Units 
ean maintain absolute pressures 
down to 50 microns Hg abs., de 
pending upon your process require. 
ments. Our engineers have made 
thorough studies of all of the latest 
corrosion resistant materials, and 
can incorporate them into your in 
stallation as needed to guarantee 
long, dependable trouble free service. 


In order to assure you of maximum 
efficiency in your installation, we 
prefer to design the equipment to 
mateh exactly the vacuum, cooling 
or evaporating load conditions of 
your process. If you will furnish us 
with details, we will be glad to 
submit specifications and sugges 
tions. Write, wire or 


Croll- Reynolds 


Main Office: Westfield, New Jersey 
New York Office: 17 John St., New York 38, N.Y. 
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y Way of Emphasis: We repeat here two 
R items well covered in the news columns of 
this month’s issue . . . First is the report of the 
Nominating Committee, headed by B. F. Dodge, 
chairman ... The committee suggested the fol- 
lowing nominees: President—J. Henry Rushton; 
Vice-president—G. E, Holbrook & R. P. Dins- 
more; Secretary—F. J]. Van Antwerpen; Treasure: 
—G. G. Brown; Directors—George Armistead, 
Manson Benedict, Raymond Copson, Jack C. 
Dart, J. J. Healy, R. A. Kinckiner, Wheaton 
Kraft, H. L. Malakoff, Carl C, Monrad, Ralph A. 
Morgen, Sr., C. W. Nofsinger, & R. H. Wilhelm 
.. + In addition, nominations by petition were 
received for R. P. Dinsmore—Vice-president; E. 
J. Fox, Emerson j. Lyons & E. L. Piret, Directors 
..» Personnel of the Nominating Committee was 
reported in this column in April . . . The second 
report, also from a committee headed by B. F. 
Dodge, concerns the new engineering center, & 
the recommendation is that it remain in New 
York & efforts be made to adapt and modernize 
the present structure on 39 Street plus addi- 
tional frontage on 40 Street for the nation’s 
engineers .. . Council at this writing will prob 
ably consider the en in a late August meeting 
or possibly the regularly scheduled Council meet 
ing in September .. . The Housing Committee, 
under R. P. Kite, has been asked by Council 
to study the report & add its comments for 
Council's guidance. More About New Orleans: 
Ted von Wettberg headed part of the all-day 
meeting of the Institute Sections Activities Com- 
mittee at New Orleans & presented the results 
of a poll on Local Sections: the majority of Local 
Sections have yearly dues of $2, though 17 out 
of 52 have more than $2 dues . . . most Local 
Sections do a pretty good job of collecting . . . 
Il sections seem to have a rule that only 
A.L.Ch.E. members may belong to the local 
group, & 41 have a combined A.I.Ch.E. & non- 
A.L.Ch.E. membership .. . About 13,800 of the 
Institute’s 15,600 members are in Local Section 
areas. Of these, 7,400 A.LCh.E. members pay 
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Local Section dues along with some 2,600 non- 
A.L.Ch.E. chemical engineers (paging the Mem- 
bership Committee) . . . The purpose of Ted's 
survey was to find out how many Local Sections 
would favor a rebate from National of some part 
of the dues of members & the vote was 14 Local 
Sections in favor of the rebate and 35 opposed 
to it. E.J.C.: Walter E. Lobo has been appointed 
Chairman of the Engineers Joint Council Nomi- 
nating Committee . . . This is Walter's first year 
as our representative to E.J.C. & he is also 
head of the E.J].C. Finance Committee. Student 
Chapter Counselors: University of Alabama, A. 
J. Sull .. . University of Nebraska, J. H. Weber 
. . » Pennsylvania State University, E. T. Wil- 
liams. Program Committee News Letter: The 
Program Committee is again reissuing monthly 
news letters to all members . . . Chairman “Cot- 
ton” Coulthurst & Vice-chairman Gene Smoley 
are combining their efforts to turn out an in- 
teresting fact and gossip sheet which is helping 
A.LCh.E. to continue the interesting & informa- 
tive programs for which it is noted. Sections 
Activities: One of the important suggestions 
coming out of the meeting in New Orleans was 
that the Sections Activities Committee prepare 
a manual for Local Section officers . . . J. 
Rushton, chairman, has taken this under his 
wing & incorporated in it will be material 
written by members of the Sections Activities 
Committee, plus job descriptions of Local Sec- 
tion offices (already completed by Nevin 
Hiester), Career Guidance: Many of the Local 
Sections this past year did much, with the aid 
of Chuck Roen’s Guidance Committee, to hel 
high school students find out more about engi- 
neering as a career ... There are a number 
of pamphlets available from this office on career 
guidance & Local Sections thinking of supply- 
ing speakers to high schools, young people's 
groups, Boy Scouts, etc., on engineering careers 
are invited to write for copies of the material 
aimed at interesting high school students in 
engineering. F.J.V.A. 
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In this Controlled Volume Pump, a pneumatic piston 
operator receives an instrument air signal and actuates 
a variable speed transmission. Pump speed is auto- 
matically adjusted to process demand. Servo systems for 
automatic adjustment of stroke length by instrument 


air signal! also available. 


This pump isa 4-cylinder 
formulating unit. All 
liquid ends are powered 
by a variable speed drive, 
manually adjustable. 
Stroke length of each 
liquid end is individually 
adjustable, manually. 


Standard motor-driven, 
simplex - controlled 
volume pump, with con- 
stant speed motor and 
manual adjustment of 
stroke length. 


This formulating pump 
has two “miniPumps” 
(capacities in milliliters 
per hour) and one stand- 
ard motor-driven pump, 
all powered by one con 
stant speed drive. Stroke 
length of each unit is 
manually adjustable 
while pump is in oper- 
ation. 


Which pump is best for YOU? 


Write today for application data on 
Controlled Volume Pumps in: 


Paper Making (Bulletin 455) 


Industrial Water Treating (Bulletin 953) 
Process Instrumentation (Bulletin 1253) 


Broad flexibility 
for metering 
process additives 


If you pump and meter chemicals against a 
head . . . or maintain fixed ratios of two or 
more chemical streams .. . or automatically 
regulate flow of a control agent in a control 
system, such as pH, there's a Milton Roy 
Controlled Volume Pump that's exactly right 
for your application. 


Illustrated are a few of many flexible adapta 
tions in simplex, duplex and formulating pump 
designs that are available from Milton Roy, 
with manual or automatic adjustments of 
stroking length or speed. Capacities range 
from 3 milliliters per hour to 45 gpm, pressures 
up to 50,000 psi. Accuracy of delivery is within 
plus or minus one percent. Liquid ends are 
furnished in a wide selection of alloys and in 
plastic. Sanitary design, too. 


Have you investigated how you can reduce 
chemical costs and upgrade product quality 
by using controlled volume pumps? One of the 
bulletins listed probably contains the eco 
nemical answer to your chemical metering 
problem. Milton Roy Company, Manufa 
turing Engineers, 1300 East Mermaid Lane, 
Philadelphia 18, Pa 
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JOHNSON'’S WAX gets o quick, thorough 
mixing with these 3-horsepower propelier- 
type LIGHTNIN Mixers, before goig into the 
familiar bright-hued cans. 


How Johuson protects uniformity of finished waxes 


How important is wuiformity in keep- 
ing your product competitive? 

At S. C. Johnson & Son, Inc., the 
entire organization fro u top manage- 
ment down gives first priority to the 
job of maintaining the never-varying 
quality of Jobnson's Waxes. 

Typical of Johnson's careful control 
measures is this final-mix operation. 
Just ahead of the filling machine line, 
finished products go into these holding 
tanks. Before packaging begins, LiGur- 
NIN Mixers rapidly bring the products 
to full uniformity. 


Liohtoin Mixers 


MIXCO fluid mixing specialists 


Dual propellers on each LIGHTNIN 
Mixer create a strong, steady flow, 
sweeping the tank bottom and creating 
rapid top-to-bottom turnover plus ro- 
tation of the batch, for complete uni- 
formity in shortest possible time. 


10-minute mix 
So thorough is this mixing action, 
that on many products only 10 minutes’ 
mixing time is required prior to feed- 
ing to filling machine 
S. C. Johnson & Son, Inc. has used 
LIGHTNIN Mixers for many years, and 


MAKE ANY OPEN TANK on 
vessel, 
portable models; geor drive, direct drive; sizes 
Ve to 3 HP. Other UUGHTWNINs to 500 HP 


employs more than 40 LIGHTNINs in 
this type of service alone. 

You get closest possible control of 
product quality and uniformity when 
you mix with LIGHTNIN Mixers. Every 
LIGHTNIN is scientifically selected for 
you, to deliver the exact mixing action 
you need, most economically. Mixing 
results are unconditionally guaranteed. 

For fast, competent help on any fluid 
mixing problem, just call your Licur- 
NIN Mixer representative, listed in 
Chemical Engineering Catalog and in 
Thomas’ Register. Or write us direct. 


efficient 
with ao UGHTNIN Portable Mixer 


mining 
Thirty 


FOR LATEST MIXING INFORMATION and full description of LIGHTNIN Mixers, send 


for these helpful bulletins: 


(_] 8-102 Top or bottom enter- 
ing; turbine, poddle, and 
propeller types: | to 500 HP 

() 8-103 Top entering; propel- 
ler types: ‘4 to 3 HP 

(C) 8-108 Portable: Ye to 3 HP 


(] 8-104 Side entering: 1 to 
25 HP 

8-11 2Laboratory and small- 
batch production types 

8-109 Condensed catalog 
showing all types 


G-111 Quick-change rotary 
mechanical seals for pres- 
sure and vacuum mixing 


8-107 Data sheet for fig- 
uring mixer requirements 


Check, clip, and mail with your name, title, company address to: 


MIXING EQUIPMENT Co., Inc., 199-g Mt. Read Bivd., Rochester 11, N.Y. 
In Canada; Greey Mixing Equipment, Ltd., Toronto 10, Ont. 


Photo courtesy S. C. Jobnson Son, Racine, Wisconsin # 
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